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THE GODDARD GENERAL ORBIT DETERMINATION SYSTEM

Joseph W, Siry
James P. Murphy
Isabella J. Cole

ABSTRACT

The General Orbit Determination System currently being used for Orbit De-
termination at the Goddard Space Flight Center has evolved over a period of
approximately a decade,

It was contemplated, when the system was designed, that it would come to
be used to determine orbits of satellites of various kinds, tracked by different
types of tracking systems, and moving in many sorts of orbits which would be
perturbed in a variety of ways by an atmosphere having variable characteristics
and by a gravitational field whose higher harmonics would come into play, as
well as by the moon, the sun, and radiation pressure., As the needs arose and
the occasions demanded, additional orbit determination capabilities to meet the
new circumstances were incorporated into the system in accordance with the
basic plans. During this time the program was extended to accept new data
types and, at various times, additional sets of unknowns were incorporated into
it. The program was also equipped to use several general perturbation and
special perturbation orbit theories and has been adapted to operate on various
computers.

The purpose of this report is to set forth the formulations used in the sys-
tem. In addition, flowcharts and program listings are also included.



THE GODDARD GENERAL ORBIT DETERMINATION SYSTEM

I. INTRODUCTION

The Goddard General Orbit Determination System accepts as input a set of
orbital parameters at a specified epoch, some of which are to be corrected, and
a set of observations of a satellite. The output of the system includes a set of
corrected parameters obtained by means of a weighted least squares procedure,
associated statistical information, and a satellite ephemeris. The differential
correction portion of the system, which is the principal subject of this report,
consists of nine basic section. These are:

1. Conversion of Elements, (CE)

2. Position of Space Vehicle, (P)

3. Local Station Predictions, (LSP)

4. Position in Ellipse, (PE)

5. Position Partial Derivatives, (PP)

6. Observation Partial Derivatives, (OP)
7. Equations of Condition, (EQC)

8. Least Squares Solution, (LSQ)

9. Conversion of Corrections, (CC)

In the next several sections of this report a description of each of these nine
sections of the Differential Correction System, together with the mathematical
formulations, will be given.

This report contains a description and documentation of one version of the
Goddard General Orbit Determination System. It records the theoretical formu-
lations most of which, aside from the indicated material obtained from refer-
ences 1 and 3, were derived at the end of the last decade by J. W. Siry, who also
wrote the accompanying discussion of Section 9 of Chapter III for this report.
The original formulations had been prepared in a form which included condensed,
general notation and minimal discussion needed to serve as the basis for pro-
gramming. J. P. Murphy wrote expanded versions of formulas for certain
specific cases of interest, added discussions, and carried through preparations
for publication. In addition, flow charts and program listings of the version in
current use were compiled for this publication by I. J. Cole.

The original flow diagram of this system is given in Figure 1.

II. NOTATION

The principal symbols employed in this report and their meanings are given
in the following list:

a, semi-major axis of the satellite orbit
b, semi-minor axis of the satellite orbit



E, eccentric anomaly
e, eccentricity of the satellite orbit

f, dynamical flattening of earth

f, true anomaly
G, universal gravitational constant

g, or 4, the local topocentric east vector

g, or m, the local topocentric north vector
g; or n , the local topocentric vertical vector
gsor h, 4xk
{es g6 g0 {0 ) K
{ggr v Brad, (& - 0 87
g, acceleration of gravity
g, argument of perigee
h, local hour angle
h, right ascension of the ascending node
I, inclincation of orbit plane to earth's equator
i, (1,0,0)
3
J, 3%
Jn,coefﬁcient of the nth zonal harmonic
J» (0, 1, 0)

k. (0, 0, 1)

{,m, direction cosines relative to the local topocentric east-west
and north-south directions, respectively

£, mean anomaly

4, local topocentric east vector



M, mean anomaly
M_, mass of the earth
m, local topocentric north vector
n, mean motion |
n, 4, coefficients multiplying the pt" power term in the time polynominal
for the value of the mean anomaly associated with the qt" segment
of the observational arc. ’
n, local topocentric vertical vector
P, period of the satellite orbit
P_, Legendre polynomial of degree n
P, semi-latus rectum, a(l-e?).
p, vector directed to perigee
q, perigee distance
4, axp.
R_, mean equatorial radius of the earth
R, , station position vector of the ith station
r, magnitude of radius vector of the satellite
T, radius vector of the satellite

r,,» radial distance from axis of rotation of earth to ith station

T, radial distance from axis of rotation of earth to surface point
(on reference ellipsoid) directly below or above the ith station

t, time
U, potential function of the earth

v, magnitude of velocity vector of the satellite



P

@,

the velocity vector of the satellite
eevreciigns-$e the unknowns

the observable quantities

distance from surface point associated with the i station to the earth's

equatorial plane

right ascension

unit vector in direction of angular momentum

latitude

unit vector in a specific direction in the orbit plane
(2x£)

declination

angle which the unit vector 8 makes with the nodal ray
topocentric azimuth angle measured from the north
local hour angle

antenna x-angle

antenna y-angle

right ascension of Greenwich

East longitude of itP station in system referred to Greenwich.

inertial longitude of the i*M

Vo,

true anomaly

station or local sidereal time.

range

argument of latitude



?;, topocentric elevation angle

¢4;,  geodetic latitude of the i*? station

Q, longitude of the ascending node

Q, unit vector directed toward the ascending node
w, argument of perigee

w,, speed of rotation of the earth

Generally the indices and special symbols have the following meanings

c, index to denote computed value

e, index to denote earth

i, index to denote ith tracking station

i, index to denote j‘P unknown

k, index to denote kt" observation type

n, index to denote ntP observation time

o, index to denote "observed" value

0, index to denote initial value

' indicates long-period parameters in the Brouwer Theory

", indicates parameters in the Brouwer Theory which include
short-period terms

. indicates total differentiation with respect to time
*, indicates unit vector (e.g. a* = a/ ( gl)

In certain cases, a symbol is associated with more than one definition. In each
case in which such a symbol is used, the meaning will be clear from the context.

Several of the symbols in the above list are illustrated in Figure 2.
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Figure 1-Differential Correction Program Flow Diagram
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III. PRINCIPAL SECTIONS OF THE SYSTEM

1. Conversion of Elements

In this portion of the system a certain set of orbital elements or equivalent
parameters at a particular epoch are provided as input, and two new sets of
similar constants are computed. Specifically, one of the sets

o vt 20, w(t) 3¢to) 213}

{a,e, i,Q,qb(to),v(.to)} or {a,e,i,Q,w,M(to)}

serves as input and the other two sets are computed in this section.



Values for the additional parameters, p, q, b, n, and P, are also computed in
this section. These calculations are performed through the use of the following
sets of formulas and others found on page 16 of this report.

A. Given x(ty), v(ty)
ry = lx(ty)l
v = vty
60 = - arc sin [ (0" (ty)]
a(ty) = [1(%) x x(to)]* )

*
Q(ty) = l:kx a(ty) ]

i =arc cos [é(to)'k]

i]

¢ (t,) = arc cos [_g*(to)-g(to)]

[y

Q(t,) = arc cos [Q_(to)°

@ (to) = ¢(t0) - V‘(to)

B. Given Ty Vg, 6’0
#irg
a.=
2 2
2u* - 1oV,
2
.. ‘/1_(r0vo co§ 6’0) @)
au?

a(l-e?) - Ty
vV, = arc cos _—
er,



C. Given a, e, v,

a(l-e?)

o = T——————
0 1+ecos»vo
2 1

v = L — i —
o= F r, a

0
TeVo

L }{a<1-é2)
6, = arc cos

t
E (t) = arc cos[lc:)es :(ﬁs)v:i) = arc sin
cos E(t)-e ] L
v (t) =arc cos 16 cosE(D = arc sin

M(t) =E(t) - e sin E(t) = M(ty) +n (t-t,)

D. Additional Parameters

2. Position of Space Vehicle

p=a(l-e%
q=a(l-e)
b=aVl-e?
I
n=—
2372
27
P =
n

-

Y1-e2 sin »(t)

-

14e cos v(t)

=

“1_e2 sin E(t) ]

| 1-e cos E(t) |.

@)

“)

In this portion of the system the position of a space vehicle is computed by
means of a special perturbation method, such as a Cowell integration method,

9



‘or by means of a general perturbation method, such as the one associated with
ithe Brouwer theory. As an illustration of the function of this portion of the

; system we shall consider the case of an ephemeris of a satellite generated by
means of the Brouwer theory (see References 1 and 2). The potential function* for
this theory is

u? = J R
u=K|1- E " P (sinp) |- (5)
r rn

n=2

The position and velocity of a spacecraft at any time, t, are found by substitut-
ing the time into Equations (6) through (10). The fundamental plane is the equator
with the x-axis directed toward the vernal equinox. In this theory an initial set of
elements a“,e" , 1" ,&3 s gg , and hg at an epoch time, t ,are estimated or ob-
tained from the previous iteration of the differential correction process. These
parameters are the constants of integration of the theory and are related to the
osculating Keplerian elements {a, e, I, 4, g,h} through the following formulas
found in References 1 and 2. The secular terms are

3 J,R? 3 JR?
£ = /f,o"+n0t {1———2—(1—3@2) § — 2 e
4 a"273 128 a7

[-154+167+257%+(30-967-9072)62+(105+ 1447 + 2512) 04

45 J,R?
128 au4 777

e"2[3-.3062%4 35«94]}
(6)

. 3 J,R? 3 JR?
g" = g'p+ngt J- — 22 (1-56%) 4 —— 2= .
4 a”2774 128 a"4 8

‘[ -35+247+25724(90-1927-12672)6% 4 (385+36071+4577)6%]

15 J,R

128 a"4 8

[21-97%4(-270+12672)02 + (385-18972 )94]}

*Note that in Brouwer’s original paper, the convention 1. = GM_ was employed.

10



3 IR0 3 J2
“_ p t J-= e 2
h" = h" +n, { 2 g 3——2 s [( 5+1271+97%)0

15 J,R
+(~35-367-57)6°] - LAl

n4

(5 3726 (3- 7@2)}
a'tn

where, 6 =cos I", 7 = Y1 - e"% andn, =p/ ¥a"3.

In cases in which the drag perturbation is not too large, it is convenient to
represent its principal effect by means of quadratic and cubic terms in the mean
anomaly. The coefficients n_., where p = 2 or 3, refer to terms of the quadratic
and cubic type respectively. Since a single pair of constants might not be accurate
enough over the entire observational arc, up to twenty parameters may be em-~
ployed corresponding to the epochs, tys where q =0, 1, -.., 19, at which the
intervals of interest begin. If the arc is not subdivided, the subscript q = 0 is
understood but not always written.

The long-period terms for e and I are

1 Jz 2 " 2 1
Se = (1-1162-406* (1-56%)"] +
1 16 a”272

m

5 J4R2 "

—— 11.36%2-86% (1-502)"%)\ cos 2¢g"
16 J2a112772

-J.R J.R3
+{ 37 sin I”-—SS—é 57 sin I" (4-}-38”2)'
2J2all J2a113774

_ R3 n2
[1-962_246% (1-562) 1]} sin g" +__§_‘I§_._. sin I-

192 J,a" 3t

(1-562-160% (1-562)""] sin 3g"

e"d. e
5,1=- _ 1
n?tan1”

11



The secular and long-period terms for £, g, and h, are, respectively,

J,R? 57,R?
2 -.-/c"+{ 2 e [1-116%2-400%(1-560)"Y] +___J‘1._s_ .
16a”?'r) ' 16J2a”4 7

-[1-362-86% (1-56%)"]

J.R 5] RS
+{ 37l sinI"y. "5 % _sinI" (4+9e"?) »
2J,ae" 32], a3nle”
35 JsRie”

sin I*-

[1-962_240%(1-5062)"1 it
L 246%( %) cos g’ 192] o
2

[1-562_160* (1-56%)"" cos 3g"

-], R2
g' = g"+{—-—-—[(2+ e")-11(2+3e"%)6%2-40(2+5e"2)-.
32a"2,4

0% (1-562)"1_400e"206(1- 502y~

5J,R?

____.2_4 [2+e"2-3(2+3e")6%2.8(2+5e"2) -
32],a"*n

6% (1-562)"1_80e"206 (1- 592)‘2]} sin 2g"

e” sinI”

J5R, (sinI” e"6? ) 5J4R?
2J2alln3 32J2 "3 6

[ msinI" gup2
. _ (4+3e") +e"sin1” (264 9e"?) |-
e” sinI” '

12



15J R 0%"
6] a"3 6

. [1-562_166%(1-56%)"11 sinI” (44 3e"2) -

1341662 (1-562)"1 ;406% (1~ 592)'2]} cos g"

35J5R? "392
+{ = ’}nsinl"(3+2e"2)‘e - }[1—562—1694(1—5‘92)-1]

576J,a"~® sin I”
35J e362R3 1 >
———— 2 5inI1”" (543262 (1-56%)""+800%*(1-56%)"%] cos 3g”
2887,a"%n°
' J2 2 2y-1 4 2\- 2
h! =h"4 (-2 (1118062 (1-56%)""12008* (1-56%)"%
16a"2

5J,e"20R?

e

° 341662 (1-50%)1
167,224

Jse’ OR,

+406* (1-502)"% sin2g’+ {—
2]23"’)’]2Sinl"

5] e"@R3
32] a"37%sin1”

(4+3e"?) [1-992-246% (1-562)" Y]

15] " oR?

—-—~———16J o sinI"(4+3e"?)[3,1662 (1-50%"" 1 406%(1 +592)‘2]}cos g
a

S [1-562-166* (1-562)"1

sinI”

35 Jse"36R3
576 J2 113 5

35 Jge? 9Re sinI” [54+326% (1-56%"! ,800*(1-562)"% § cos 3¢"
288 J u3
2

13



After adding the short-period terms, the osculating elements are obtained from

LR - 3
a=a" {1+ 2 | -(1-36% f‘._-n‘3>
" 2a"2 r's

all3
+3(1-6%) —— cos (2g' +2f")

r's
2 (J,R? u3
e = eil+sle+ -7_7—— 27 —(1—362) _a____,r]—-3
26” 28"2 r’3

I_I

n3
+3(1-6%) (L-qf") cos (2g'+2f’)]

2
JZRe

— (1-6% [3e"cos (2g'+ f")
2all 77

+e”cos (2¢’ +3f’)]}

(7)

J,6R?

I=1"4+51I4 2 V1623 cos(2g'+2f")
421"2774

+3e"%cos (2g'+ ) re"cos (2g' +3f")]

J R2 "2 "
L=go 22 1 201-36) (2 2,2 1) sin £’
88”3.”277 r,2 r,
5 anz an .
+3(1-6% | - -—;;7721——'-—1 sin (2g' +f")
r r

n2 "
+(a 772+?—-+1—-> sin (2g'+3f')]}
r'? r' 3/ K

14



J R2 L4 "
g=g' _2_‘:_{_2(1_392) a? 2.8" 1) sinf

+
8ella112772 rl2 r
"

2 3”2 2 a . i :
+3(1-6%) | - 7+—-1} sin(2g'+f")

rl2 rl

a112 ) all 1 ) , ,
+ —_— N — - 51n(2g +3f)
r'? r' 3

JoRE
-6 (1-50*) (f'+4'-e"sinf")
88"2774

+
+(3-56%) [Bsin(2g'+2f")
+3e"sin(2g' '+ ) +e” sin(2g'+3f’)]}

2
J2(9Re

48"2774

6(f'-L'1e"sinf")

h=h'~
—3sin(2g'+2f")-3e"sin(2g'+ ') —-e"sin(2g' +3f")]
where f' and r’ are computed from
E'-e”"sinE'=4'

1ie”

1
tan—f' = tan—E’
) 1_e 72 (8)

"

_a_, =(l4e"cos f)/(1-e"?)
r

15



The position and velocity vectors in rectangular coordinates may then be ob-
tained from

x A B O cosE -e
X X .
y = AyByO sinE =r_ (t)
z A BO 0
z z
and 9
X A B, O -sinE
v |=Zn| A B O E :
_—r—n v Oy cos = _I‘_c(t)
z A B O 0
z z
where
E-esinE=4
and where
A =a(cos gcos h-sin g sin h cos I)
A, = a(sing cos h cos I +cos gsinh)
Az =asinl sin g
. (10)
B =-aYl-e? (sing cos h +cos g sin h cos I )
B =a Y1-e? (cos g cos h cos I -sin g sin h)
B = aVl-e? sin I cos g

In the differential correction of the orbit, the constants of integration a“,
e’,1"4,, g,", and h,"are determined. One or more drag parameters are
also solved for if this is appropriate.

16



3. Local Station Predictions

In this portion of the system computed values for the various observations
at thetimes of observation are obtained. An actual observable at time, t , taken
at the ith station and of the k ™ type, is denoted by the symbol Yo i (to)
while the computed value of this observable is denoted by v y ; (t'n)’. In Table
1 there appears a list of the various observation types, the symbols used to
designate them, and the value of the designator k for each type.

Table 1
Observation Types —y y

k Symbol Name

1 P range

2 4 east-west direction cosine

3 m north-south direction cosine
4 6 azimuth

5 ¢ elevation

6 a right ascension

7 S declination

8 h local hour angle

9 0 range rate
10 y) east-west direction cosine rate
11 m north-south direction cosine rate
12 2] azimuth rate
13 é elevation rate
14 a right ascension rafe
15 5 declination rate
16 h local hour angle rate
17 6, antenna x-angle
18 0, antenna y-angle

Formulas for obfaining computed values of the quantities appearing in Table
1 will now be developed. Before these formulas are obtained, it is convenient to
give expressions for the following quantities.

R

Di

4

~i

the station position vector
the local topocentric east vector
m; the local topocentric north vector

n. the local topocentric vertical vector

=i

b.i &ix _IS

17



and their rates of change as functions of the coordinates of the i *! tracking
station. The inertial longitude orlocal siderealtime, A, (t), of the i *! station
at time t is given by

A () = A + A6 () + e, (t=1tg) (11)

where Ag., A, (t,), and w.denote, respectively, the east longitude of the ith sta-
tion in the system referred to Greenwich, the right ascension of the Greenwich
meridian at t,, and the earth's angular velocity. Then,

2, () =~sink () i+cos A, (1) ]

m, (t) = ~sing,; cosA, (t) i-sing,, sinX, (t) j +cos¢y k

n, (t) = cos¢,, cos A ()i+cosg sin A, (t)j+singy k

h, (t) =cosA, (O i+sinA ()]

. (12)
/.ﬁ_i (t) :_wehi (t)

éi (t) :_wesinqﬁdi&i(t)

n; (t) = w cos ¢y, £, (1)

h, () =a £ (t)

— 1

where ¢, denotes the geodetic latitude of the i *" station. Define P.; and ¢_; to be

)
H

(1-£)? tan ¢,
13)

©-
n

arc tan P.;

where f is the flattening. The radial distance r ,_, from the axis of rotation of
the earth to the surface point on the reference ellipsoid below or above the ith
station is given by

18



R_(1-f)
r. = (14)

=R, (- D2

where R_ is the mean equatorial radius of the earth. The radial distance r,
from the axis of rotation of the earth to the itM station is given by

i

r,, =1, +H cos g, (15)

Z1 zZs1

where H, is the height of the ith station above the reference ellipsoid. The
distance z,; from the ith station surface point on the reference ellipsoid below
or above the station to the earth's equatorial plane is given by

Zsi = pei rzsi ) (16)

The rectangular coordinates x; (t), v, (t), z . of the it" station and their rates
of change are given by

x, (t) =r_, cos A (t)

v, (1)

i
]

; sin A (t)

Z,. =z, ~1~Hi 51n<,?5di

1 S1 (17)
>.<i (t) = - w . sin A, (t)
B}i (t) =wr,, cos )\i (t)
z, =0
1 .
Then, R; (t) and R, (t) are given by
R()=x()i+y,(t)j+z,k
(18)

R, () =%, (D i+y, (t)]

19



The vector from the itP station to the space vehicle, and the rate of change, are
given,respectively, by

£y () =x () =R, (D)
(19)
Py () =L (8) ~R, (1) -

It is now possible to write explicit formulas for computed values of the eighteen
types of observations listed in Table 1. The output of this portion of the system
contains computed values of the observed quantities at each time, t .

Formulas involving inverse tangent functions are quadrant-oriented, i.e.,
information needed to determine quadrants is contained within them.

Yeor,i= p, (D) = [p, (D]

Ye2,i = 1, () =4, () - _,ot (t)
yc,3,i =m, (t) :mi(t) . ﬁ;k (t)

Ye,a,i= 6, (t) = arc tan {[ﬁj (t) - 4, (t)/_pj (t) - m, (O]}

e
H

¢, (t) = arc sin [g_i (t) -+ é: (t)]

¢,6.i = a; (t) = arc tan {[_,_qt (t) - i/_é]; (t) - il}

<
-~
1

8, (t) = arc sin [k - B’: ()]

Y, g =h (t) = arc tan { [ﬁt () -&i/_,o_"ic (t) * h, (01}

Ye,9,i = p, (£) = p, (1) + £, (V)

20



. . d
Vo100 =40 = 4,05 + £,(O 7 F(o)

. R R d
Veoar,s =0y (0) =1, (0 £1(6) + m ()3 £(0)
Yea2,: = 6,(v) =

{[g‘;(t) 4, (0] +[5d¥ A -im]} [g;(t)-m,.u)]-{[g;(:)@i(t)] +[fg£’§<t>'m,-<t>]}[£‘§(t) ", ()]
[F(-2,(0]2% [,I_J"‘i('c)-_mi(t)]2

. d ® <
Yo us.; =40 =4 3L (O 00 +[F () 0 (0] [/ Y1-18(t)n,(0)]?

Ye 14,5 = 05(8) =

{{%é”:m-i] FAQEY ~[;f—té‘§<t>-i] [e":m-il} / { [, (0)- 417 +[eﬁ<t>-112}

y =5 (1) = 4 . . Yi-15 o)k
c,15,i-7 % dtﬁi“) k 1-[p,(t)k]

(2 ()-2,(0) %+ g (Db, (D]?
Y. 17,;=6; ;()=arc tan {[B’:-ﬁi(t)]/[g’:(t)'gi(t)]}

Yc.m'i:GLi(t):arc sin [g’t(t)-mi(t)]

(20)

where
d B

1 1
de2i p,(t)

Bi(t) - pi(t)

(65 (O p, (DI (D

The expressions, y .., «,: (t), then are used to calculate the computed value of an
observation of the k! type, relative to the it" station, at the time t.
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In addition, the times at which

yc,2,i =0
Ye,3,i=0
Ye,5,: =0
Ye,0,:1 T
Ye,13,i =
T
y<:,7,1 __2—
yc,7,i :—¢i
il
yc,8,i:i§.

are provided in the output.

4. DPosition in Ellipse

The input to this portion of the system is the set of parameters{a, e, i,Q,
w, M (t,)} obtained from either the Conversion of Elements Section or the
Conversion of Corrections Section. The output contains the vector quanti-
ties a(t), B(t),Y (t),P (t), q (t), r (t), 1 (t) obtained from the formulas listed below.
Approximate values of  and w can be obtained from

where

Q) = Q(ty) +Q(t =ty
(21)

w(t) :a)(to) +&)(t-t0)

27 cos 1
Q== R?J
Pp2 N
5
47 (1 -3 sin? I)
w= R? T,
Pp? €
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then
Q(t) =i cos Q(t) +_j_sinQ(t)
a(ty =kcos Ty [Q(t) x_lg] sin I
B(t) =Q (1) cos s, + [a(t) x At)] sin 5,
v (£) =a(t) x B(1)
- - (22)
_E(t) —‘—_@(t) cos [w(t) -—51} +_')_/(t) sin [w (1) - 81]

g (t) = B(t) sin [w(t) =8,] + ¥y (t) cos [w (1) - 51]

£ (t) = ap (t) [cos E (t)-e] +bg (t) sin E(t)

bcosE(t)g(t) - a sinE(t)E(t)
1 -ecosE(t)

_f‘_(t):n

where E(t) is obtained through Kepler's equation, and 8, here is the angle which
the unit vector 8 makes with the nodal ray. This angle can be set equal to wj, wy +vp,
w+ v, or some other specified angle.

5. Position Partial Derivatives

This portion of the system is used to evaluate partial derivatives of the
form

dr(t)
an ’
and
9 (t)
axj ’
for j=1,2,...,n, where quantities,x;, j= 1, 2, ..., n, are the unknowns.

I
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A discussion of the position partial derivatives, the unknowns, and the formulas
which give corrections to the elements in terms of the unknowns is contained in the
section entitled Conversion of Corrections. (Cf. reference 3 inconnection with re-
lations such as (24~1) and (24-3) and related portions of this section and the Conversion
of Corrections Section.)

Let
r(t)=a [1-ecosE(t)],
C(t) = (1 -e?) cos E(t), (23)
S(t) = -V1 -e? sin E (t),
and
K=2cosE(t)) +e sin? E(t,)-
Then
i 40 £(8) -3t - to) L (%), (24-1)
9x 2

1

Ri(E) (D) [ 32

ST | ae t@] £(®) @4-2)

a_r_(t)____cosE(t)+e£(t)+[ 2 _ecosE(t)+e] sinE(t)i(t) (24-3)
axz 1 - e2 1-e2 1-¢e? n

or (t) ___cos a? { a

s t E(t) [a(t t)] 24-4
crl Tl o () r(t) + cosE(t) [a(t)x r( )} (24-4)

Or(t) a2 [sinE(t) (K - 2 - C(t)}p (1)
Bxs r(t) /1 a2 ' =
+{1-[K-cosE(t)] cosE(t)} g_(t)] (24-5)
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or (t) nat
X3 3 (t)/1-e2

[[_{1 +2 cosE(t) [cosE(t,) - cosE(t)]

-e {cosE(t) [sin? E(t) + coszE(to)] +2cos E(ty)}
2 {2 cos?E(t) + cos?E(ty)] - e3 cos® E(t)}p (t)

+S (t){[cos E(t)) -cos E(t)]Ez[cos E(t) +cosE(t,)] —2]]} g(t)] (24-6)

0L oty xr () 24-7)
X, »
22O ey i) 24-8)
8x4
A IOETIO 24-9)
Xs
22O ey xim 24-10)
X3
229y ®xr @4-11)
X6
22O ywyxim (24-12)
X6
dr(t) . 3r(t) £ () 22 )
S =25y +C(t 0) o +S(tg) = (24-13)
FE(E) . 3E(D) BE() g ey 2EM) )
S =2 Y +C(t 0) S5 (to) X, (24-14)
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or (t) dr (t) ar (t) or (t)

;xs = [1+e cosE(ty)] S + C(ty) e +S(t,) e 24-15)
3F (1) 3f (t) F (t) i (t)

S, = [l +ecosE(ty)] 5%, +C(ty) ’6x2 +8(ty) S (24-16)
dr(t) or (1) or (t) 24-17
S, =S (t,) ox, - [e + cosE(ty)] 3%, ( )
3f (t) 3E (t) 240 4-1
T =8 (t,) ol [e + cosE(ty)] 5%, (24-18)
or(t) _ nf(t) (t -ty)? (24-19)
Bxlo
2i() | (-to) [(cosE /T -2 sinEq] 24-20
Sxy, T Jona (CosEoeipadl-etsinkg (24-20)
ar (t) or (t) 24-91
9%y mn ety 9% 40 ( !
9L (t) 9r (t)

o, =n(t - ty) EF (24-22)

A 1- E)?

2. 207 5y pec(o gl 24-23)
9%, (1-e?) (1 -ecoskE) -
AL (1) a*n(l-e cos E,)?

= ((e -cosE)p+8S(t)ql. (24-24)

Bxlg

3 /1 _e?

The partial derivatives of r (t) and r (t) with respect to the unknowns

X20+q

and x

40+q

are the same as the partial derivatives with respect to x,,

and x,,, respectively, when q = 0. For other values of the index, in the range
q=1,2,...,19, the partial derivatives of r (t) and r (t) with respect to
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X904q and x 40+q are the same, respectively, as the partial derivatives with re-
spect to x,, and x,, with the exception that the former partials are referred
to the epoch t,s while the latter partials are referred to the epoch t,.

This portion of the program uses, as input, the specification of the set of
unknown parameters, X; , and the times t_,n=1,2,...,at which the appro-
priate position partial derivatives are to be calculated. This portion of the pro-
gram also uses as input either the output of the Position in Ellipse Section of the
program or corresponding information from the portion of the program which is
used to calculate the satellite position.

6. Observation Partial Derivatives

The inputs to this portion of the system are the outputs of the Local Station
Predictions Section and the Position Partial Derivatives Section. The output con-
tains the values of the partial derivatives of the observation of type k from the it"
tracking station at time t, with respect to the unknowns, x; , for various values of the
indices. Itwill be understood thatthe quantities suchas m; (t), 9. (t), o* (t), etc. are
functions of the time, t, and the it? tracking station, and thereforle s foﬁlzonvenience,
we shall, attimes, write m, g, o% etc. The partial derivatives are now given.

°p _ & or
3x, £ x,
] J
ki =ci-4
X.
]
om )
s =¢m
% o4 (Bm)
3 —_— ) —
v £ _)(ax) D \5
M (gem? 4 (D2
¢ (¢! n)
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3 (A D D-FD (D
ox, (oD + (- D?

% (B
5 Vierw?
2

x.  Ox,

) J

20, (Fm (D -(FD(w
9%; (B n)? + (6" - D?
36, (¢f-m)

%p _ (9L | 4 or .

x. (g —) +(Bx. gl_)

] ]
o4

ox.
%= (ci+m) +(¢i-m
o4 . ] m . 5 .
. (5;,-) [(Fm + (dmw] - (3X,,-> D+ @D
Bx’._ (ﬁ*’.@)2+(£*'@2
34 o
+ l i
(E*.m)2 + (E*'&)2
2(39 gm (i + @d-ml + (g DD + @ D]
i axi) (6" -m? + (gF- D)2
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where

and

3  (&i+n) + (I D)

X (¢i'n) (f-n) [(d'n) + (F )]
[1-(g*-n)2]3/2

3t . om ges
3 —(5);;)(51_1_)— _B_x_] d-3)

an (B*.i)z +(£*.i)2

3  fom _
Y i e

+
(ﬁ*.-‘i:-)z +(£*,i)2

_2.<_a_g_> D ED (P E D
ij ) (B*_i)2+(£*,i)2

35 (k) (ci-k) (K (d-k)
— +
Y10 (- (0?2
B-i’l da
ij T T dx
a5 1o 3 dg* 1
CJ:_'.IQ_-_.._S-_._IO*_.p_;Ld_:_.:.:._(p_.p*p)
I ox; = ox, dt  p = =~
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7. Equations of Condition

The input to this portion of the system includes the values of the various
Yo,x,i (tn), values for weights w, ; (t;), and the outputs of the Observation
Partial Derivatives Section and the Local Station Predictions Section. The out-

put of this portion of the system contains the equations of condition and the
normal equations.

The equations of condition are
0
2 Ix % :y0,k,i(tn)"yc,k,i(tn) . (26)
i

The normal equations are

E E 9y; 9v; oy,
_Wk,i -—-—-—-——Xl “Wk,i_——-(YO,k,i_yc,k,i) :O ()\.:1,2,--.) (27)
- ; 9%, Bx}\ Bx)\

1 ] ]

where the weights, Wy ;> are functions of the observation type, estimated or
observed uncertainties, and factors associated with the geometry of a particular
pass at a particular station. Weights, including null weights, can be assigned
to subsets of observations selected in terms of time, station, type, or residual
characteristics.

8. Least Squares Solution

The input to this portion of the system is the output of the Equations of
Condition Section. The output contains values for the various quantities, x i
and statistical information associated with the fit to the observations.

9. Conversion of Corrections

The input to this portion of the system consists of the output of the Least
Squares Solution Section, the Conversion of Elements Section and the Conversion
of Corrections Section associated with the current iteration. The output includes
the original value, the previous value, the new value of each of the parameters,
and the standard deviation of fit, and its increment.
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Corrections to the previous values or the original values of the elements
and associated parameters are obtained in the manner indicated in the following
discussion.

The partial derivatives and the corresponding expressions for the differen-
tial changes in the elements as functions of the unknowns are employed in sets.
For example, when the partial derivatives

9r
9% j

, (28)

j=1,2,...,6,i.e., the expressions (24-1), (24-3), (24-5), (24-7), (24-9), and
(24-11), are employed, the use of formulas for obtaining differential changes in
the elements as functions of the unknowns can be indicated in the following way.

The expression

da=ax,, (29)

gives the differential change, § a, in the semi-major axis, a , as a function of the
unknown, x, .

Similarly, the expression

A}

Se =x,, (30)

gives the differential change, Se, in the eccentricity, e, as a function of the un-

known, x, .

The differential change, i, in the inclination, i, is given by the relation
8i =8B cos §, - dysin i, 3L
where the quantities & 8 and §y are obtained from the relations

3B =%g, 32)
and
3y = xg4 - (33)
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Hence, the expression for §i directly in terms of the unknowns is
8i =xg cos 8, - x4 sin §, . (34)

In similar fashion, the expression obtained for the differential change, s (2,
in the right ascension of the ascending node, (1, directly in terms of the unknowns
is

§Q=csc i (xgsin 8§, +x4cos ), (35)

the expression obtained for the differential change,‘ 8 My, in the mean anomaly at
the epoch, M, directly in terms of the unknown is

(1 - e cos Eo)2 1
= — X

V1 - e? e

oM,

s (36)

and the expression obtained for the differential change, § w, in the argument of
perigee, w, directly in terms of the unknowns is

x
8f‘-’:X,;-—i--ctni(xs sin §; + x4 cos 8,). (37)
e

The relationships between these two sets of formulas for computation, i.e., those
for the partial derivatives, and those for the corresponding differential changes
in the elements as functions of the unknowns, can be indicated in the following
way.

In view of the relation (29) we can write

or

Bxl

%)
-

=a

: 38)

Q

a

from which expression (24-1) can be derived. (Cf. reference 3 in connection with
this relation and portions of the following discussion.) In view of the relation
30) we can write

_— == (39)

from which expression (24-3) follows.
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The quantities 88 and 8y denote, respectively, differential rotations of the
orbit plane about the 8 and ¥ axes, as can be seen, respectively, from the pairs
of expressions (24-9) and (32), and (24-11) and 33). We can also write the ex-
pression 37) in the following form:

dw=8w, ~ctn i (8Bsin d; + 7y cos 3§,), (40)

where the terms involving 65 and 8y correspond to the differential changes in w
due to differential rotations of the orbit plane about the 8 and v axes, respec-
tively, and the term 8 w, corresponds to differential changes in » due to differ-
ential changes within the orbit plane, i.e., to differential rotations about the a
axis, i.e.,

gz-:éx_x_'_, (41)
35__ 4
W-ZXL’ (42)
and
or
— = , 43
e, axc (43)
and, from (37) and (40),
1
Swa:x4——e-x3. (44)
In view of (36) and (44), we have
3 3r | (@ ~ecosEy? d
31:8— 0 +a_r_ [__1__]’ 5)
X, M, (/———1_e2 )e W, e
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and

°r 2t 45)
9x, Jdw, ’
from which expressions (24-5) and (24-7), respectively, can be derived.
The partial derivatives
or "
'a < ? ( 7)

[

i=123,5 6,19,

i.e., the expressions (24-1), (24-3), (24-5), (24-9), (24-11),and (24-23), are fre-
guently employed. The use of formulas for obtaining differential changes in the
elements as functions of the unknowns in this case can be indicated in the
following way.

The expressions (29), (330), (34), and (35) occur as in the case discussed
previously, The differential changes in the mean anomaly at the epoch and the
argument of perigee obtained in this case will be denoted, respectively, by the
symbols

My, , and S,
in order to distinguish them from the corresponding quantities which were
discussed above.

The expression obtained for &M
in this case,

01 * directly in terms of the unknowns is,

(1 -ecos E)?
&My = P . [‘2‘ X3 + x19:I (48)
1-e
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The expression obtained for 8§ «,, directly in terms of the unknowns is, in this
case,

X
Sw, = ——:—— ctn i (xg sin 8, + x4 cos 8,). (49)

We can also write the expression (49) in the following form:

Swy =8w, —ctni (§Bsin d; + 67y cos §;), (50)

where, here, the terms involving 83 and §y correspond to the differential
changes in the argument of perigee due to differential rotations of the orbit -
plane about the 8 and y axes, respectively, and the term &« corresponds to
differential changes in the argument of perigee due to differential changes within

the orbit plane, i.e., to differential rotations about the o axis, i.e., we have the
relations (41) and (42) and

°r _ 51
S, axr, (51)
and, from (49) and (50),
X
Sap, = - —. (52)
e
In view of (48) and (52) we have
_?__r;: dr (1 - e cos Ey)? . or [__1.], (53)
dx; oMy, (/I—T_e—z_) o dw, e
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and

dr dr (1 -ecos Eo)2 (54)
Bxlg BMOI Y]

from which expressions (24-5) and (24-23), respectively, can be derived.

Corrections to previous or original values of other parameters of interest
are obtained with the aid of formulas (55) through (67).

£
) I'O = : X7 ) (55)
v, :22"5‘. V1 -e? cos? E; x4, (56)
58, = X, (57)
on, = n? X0 (58)
éng = nd Xyq (59)

The corrections § n, o and én, . bear the same relationship to the unknowns
X,, and x respectively, as do the corrections én, and én,; to the unknowns

40
x,, and x,, , respectively.

The ratio of 8n, . to x,,,  is the same as the ratio of én, to x,,, for
q=0,1,2,---,19, and similarly, the ratio of 8n3,q to X404+ 4 1S the same as
the ratio of on; to x,,, forq=0,1,2,.--,19.

5r = . 60
r ox, X; (60)

i=1
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St = oL 6
r= Z"é';{'_.'xi, . (1)

i=1
8x=0r i, (62)
dy=38r -], (63)
8z=98r *k, (64)
Sx=81 -1, (65)
Sy=8f "], (66)
and
§2=58f k- (67)

These latter relations are used, for example, when the spacecraft position
is specified by means of a special perturbation numerical integration method
referred to Cartesian coordinates.

This completes the outline of the contents of the nine basic portions of the
Goddard General Orbit Determination System.

IV. SUMMARY

In the previous pages of this report the mathematical description of the
Goddard General Orbit Determination System is presented. Appendix A contains
the schematic flowchart for the differential correction portion of the system.

In Appendices B and C, respectively, the program flowchart and program list-
ing are to be found. It is hoped that the formulation together with the program
information will be of assistance to the many users of the Goddard General Orbit
Determination System as well as to the recipients of the orbital information
which it is used to generate.
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APPENDIX A

SCHEMATIC FLOW CHART OF THE
DIFFERENTIAL CORRECTION SYSTEM

INITIALIZE THE D.C., i.e.

START jowssmsmmeeciie-l ], PRINT RUN IDENTIFICATION, SATELLITE IDENTIFICATION
2. LOAD DRAG DATA, ELEMENTS, AND STATISTICAL DATA

l

COMPUTE ELEMENTS OR
VECTORS AT EPOCH TIME

READ STANDARD DEVIATION PARAMETERS,
MAXIMUM NUMBER OF D.C. ITERATIONS,
AND THE NUMBER OF ITERATIONS FOR EACH
SET OF UNKNOWNS TO BE USED

INITIALIZE WORK AREA FOR

CORRECTED ON

UNKNOWNS TO BE

LOAD k' sgT
OF UNKNOWNS

1S
THIS
SENTINEL TO

INDICATE THAT ALL NO

UNKNOWNS
HAVE BEEN

USED
?

STOP YES

SET ITERATION COUNTER
FOR kth SET OF
UNKNOWNS TO ZERO

WILL
CONSTRAINT
WEIGHTS BE SUPPLIED

!

READ INFORMATION ON
CONSTRAINT WEIGHTS

39

EXTERNALLY
?




COMPUTE CONSTRAINT ,. READ INFORMATION ON
WEIGHTS TYPE OF CULLING DESIRED

INITIALIZE ith ITERATION BY SETTING TO ZERO:

1. THE RIGHT HAND SIDES OF THE EQUATIONS OF CONDITION

2. THE NUMBER OF EQUATIONS OF CONDITION

3. THE ROOT MEAN SQUARE FOR EACH OBSERVATION TYPE

4. THE NUMBER OF OBSERVATIONS OF EACH TYPE FOR THE ith
ITERATION

AND 1 TO ITERATION COUNTER FOR:
1. THE kth SET OF UNKNOWNS
2. THE ith ITERATION

INITIALIZE ORBIT GENERATOR AND
CLEAR NORMAL MATRIX WORKING AREA

READ jth
OBSERVATION

IS THE jth

IS THE jth

OBSERVATION OBSERVATION
TO BE THE LAST
CULLED OBSERVATION

?

?
SET OBSERVATION
WEIGHT =0
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IS TIME
AND STATION
NAME THE SAME AS COMPUTE UNCORRECTED
FOR THE (j~1)th COMPUTED OBSERVATION
OBSERVATION
? |

COMPUTE OBSERVATION MINUS
COMPUTED OBSERVATION = (O-C)

AT TIME OBSERVATION

STORE (O-C) TIMES OBSERVATION WEIGHT AS
RIGHT HAND SIDE OF EQUATION OF CONDITION

POSITION PARTIALS, PP

OBSERVATION
PARTIALS, OP

r

COMPUTE PARTIAL OF POSITION
AND VELOCITY WITH RESPECT TO
kth UNKNOWN

COMPUTE PARTIAL OF OBSERVATION
WITH RESPECT TO kth UNKNOWN

| ]

STORE OBSERVATION WEIGHT

ARE ALL
COEFFICIENTS
OF EQUATIONS OF

CONDITION ‘

COMPUTED
2

YES

TIMES PARTIAL OF OBSERVATION
AS COEFFICIENT OF EQUATION
OF CONDITION
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1. COMPUTE A CONSTRAINT EQUATION FOR EACH UNKNOWN USED

2. AUGMENT THE NORMAL MATRIX
3. SOLVE THE NORMAL MATRIX FOR THE UNKNOWNS

EPOCH ELEMENTS AND TO DRAG

COMPUTE CORRECTION (DUE TO UNKNOWNS) TO

HAVE
THE kth SET

OF UNKNOWNS
BEEN USED FOR THE

NO

MAXIMUM NUMBER
OF ITERATIONS

YES

42

HAS
CONVERGENCE
OCCURRED USING
THE kth SET OF

UNKNOWNS
?

CC




—

AUGMENT NORMAL MATRIX 5
ADD ({O-C) (OBSERVED WEIGHT) )™ TO
a. ROOT MEAN SQUARE SUM FOR THIS

OBSERVATION TYPE

b, SUM OF SQUARED RIGHT HAND SIDES OF EQUATION OF

CONDITION USED IN ith iTERATION

ADD 1 TO pth OBSERVATION TYPE COUNTER
ADD'1 TO gth EQUATION OF CONDITION COUNTER FOR ith

ITERATION

COMPUTE POSITION OF STATION AT
THE TIME OF THE jth OBSERVATION

IS THE

?

YES

TIME OF THE
ith OBSERVATION
THE SAME AS THE TIME
OF THE (j-1)th
OBSERVATION

STATION POSITION
ORIENTATION, SPO

COMPUTE POSITION AND
VELOCITY VECTORS AT
OBSERVATION TIME

ORBIT
GENERATOR

COMPUTE POSITION

IN ELLIPSE
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APPENDIX B

Differential Correction System Flowchart
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The Differential Correction program is designed so that the basic computa-
tions are performed by several subroutines. This portion of this paper presents
the logic of these subroutines and desceribes their relationships to each other
and to the main or executive program. It is intended to be an aid in relating
the actual computations to the formulae given earlier and to show the logical
flow of these computations.

The location statements (Q statements) and constant statements (V state-
ments) for each subroutine are presented along with a Table of Contents and
Cross-Reference Listing for the subroutine. The Cross-Reference Listings
show for each label in the subroutine the page and symbol number for the
label itself and for all points in the flow charts at which transfers to it are
found. These latter points are referred fo as references in the Cross Reference
Listings. These page numbers refer to the flow charts and are at the right
uppermost corner of each flow chart page. They are not to be confused with the
page numbers of this paper itself. An asterisk, *, indicates that there are trans-
fers to a label other than the one shown.
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NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 1

NASA-GSFC MISSION AND

/
/1 Vo
TRAJECTYORY ANALYSIS

DIVISION, PROGRAMMED 14

BY THE PROGRAM SYSTEMS
BRANCH, COMPILED FOR f 00305 = 03849 J poen
PUBLICATION BY 1. J. 3 :&3 t_JFD‘r
COLE, MISSION TRAJECTORY s =
DETERMINATION BRANCH. !
DISCLAIMER-AL THOUGH THIS 15 01197 = 00010

PROGRAM HAS BEEN TESTED,
NO WARRANTY, EXPRESSED OR 01941
IMPLIED, 13 MADE 8Y NASA
: SUBROUT INE
INPUT 00005

AS TO THE
RESULT 00000

@~

ACCURACY AND FUNCTIONING
OF THE PROGRAM AND
RELATED PROGRAM
MATERIAL, NOR SHALL THE
FACT OF DISTRIBUTION
CONSTITUTE ANY SUCH 16 00376
WARRANTY, AND NO
RESPONSIBILITY IS ASSUMED 0330
BY NASA.
DC FROM PROGRAM SYSTEM"S SUBROUT INE
BRANCH NOV 1967 INPUT 11295
RESULT (1297

!L‘()DZU; 17

ey

N -

e

f 0296 = K1295 1
1
—_— ——
' BEGIN 00020 ' 18
| S — — —1
[ NG295 = D294 ]
2
: SWITCH TAPE . 19
ASSTGNMENTS
_ —_—— .!, 12476
SUBROUTTNE
3 5 INPUT 00500
1 1 RESULT OGOGO
4 a3rm
2 SUBROUT INE
a INPUT 000005 o
1 | RESWLT 00090 —_
WERE THERE Too |

1
MANY REQ. CARDS

COMPARE 17191
70O 009145

014201

ansn 28
— e — e
] BEGIN 00570 ]
L — i J—1

SUBROUT INE
INPUT 00000
RESULT 00040

L
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PAGE 1 CONTINUED

EQUAL
6
STORE INPUT 22
OPTION — = - WRITE PRINTER
! cooes § _LOAD INTERVAL ' B
aonss = 000 CORE DUMP CARDS
e o T
7 23
I 00044 = 00011 H 64331
51 suerouting
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| 13 29
f COMPUTE 1 f Is Mot}
| CONSTRAINT | { ORB.GEN.BEING 1§
EGNS. (EXTRA U
COND.EGNS.) ° T
| I chud |
14
5 04056
2 | susrouTINE UNEQ
4 | Ineur coooo COMPARE 110099
7 | resut onooo TO 0O058

a0472

74
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NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

t 0o0ave 7

BEGIN 00472

2

N2= (N2, /N
I

00604 =
01150/,01119

2PI) / N

I
o0ens =
03842/01119

2 PI/N) (N 2)

P DOT = -2(2
PI/N) (N 2)

5
ooeng =
006044301149

o0604 =
a0604433370

P DOT IN MIN/DAY

I
onend =
00604403837

14.31
00473

BEGIN 00473

——— L —

p—

— —l—

16
«a +E/} -E)/7A
00609 =
00609/01101
17

SQ.RT. OF ABOVE :—'

r

. 1
VEL TPERGEE_‘

18

02196

L]

(O

SUBROUTINE
INPUT 00609
RESULT 00614

-
O

VELOCITY AT
PERIGEE (KM/HR)

00609 =
0061 33367

VELOCITY AT
PERIGEE (MI/HR)

)
00610 =
00610413345

21

1-E/1+E
I

00612 =
00612 /01611

22

(1-E/1+E) /A
I

00612 =
GG612/,01101

75

PAGE 13

3
R.A. OF ASC. NQDE
((EIG)
00616 =
01117203847
32
00617 =
01122433847
33
CAP OMEGA DOT
(DEG/DAY)
)
617 =
0061703837
34
] SIN 1 (]
35
9 t2101
a
. SUBROUTINE
0 INPUT 01116
1 RESULT 00613
36

~— —_— —
v SIN (SMALL OMEGA)
L i — R

L.

37

Do

e

02101

SUBROUTINE
INPUT 01115
RESULT 00613

00618 =
9061800619

®©



HT. OF PERIGEE

(KM.)
‘ -—
00605 =
01124303846

HT. CF PERIGEE
(M!I;ES)

00606 =
01124303836

11

HT. OF APOGEE
KM, )
J
onenT =
01125403846

12

HT. OF APOGEE
(M!I}ES)

onensg =
0112533836

C14E

J
00611 =
00011401102

1-E

I
00612 =
00011 -011

1+£/1-E

00609 =
00611 /00612

L/

10

"]

Qe

SUBROUTINE
INPUT 00612
RESULT DO612

" VELOCITY AT

_APOGEE }KM/FR)

00611 =
0061203867

VELOCITY AT
APOGEE }MI/&R)

00612 =
00612203845

M (DEG.)
- 5

00613 =
11113413847

ARG, OF PERIGEE
(DEG.)

00614 =
0111503347

00615 = |
01121103847

30

SMALL OMEGA DOT
(DEG/DAY)

!
00615 =
00615:33337

s~

%

PAGE 15 CONTINVED

¢ GEOC. U}'é&w: oF N
— B
40
9]  O21%
1
. SUBROUTINE
[} INPUT 00618
1 | RESULT 00613
- 41
006is =
00618403847
42

-

é
:

WRITE PRINTER

CD MODE
00048 00011

WRITE TAPE D

BCD MODE
Do048 00011

44



NASA-GSFC MISSION AND TRAJECTORY AMALYSIS DIvi

r
I
I

7.04

aonasT

6
HI
COMPARE 00019
7O DO017
LO/EQ
024
7

11

BEGIN 00063

— o o)

00010

00064

BEGIN 00064

WRITE PRINTER
BCD MODE
0000 onniy

14

15

PAGE 16

l 01840 ;

16,17

o  — camy

g
[ BEGIN 01840
[ S

THIS PROCESS BOX
REPRESENT:

S
MACHINE CODE
INSTRUCTIONS.
LOAD ADDRESS IS
00000

21



PAGE 16 CONTINUED

OVER-UNDERFLOW TRANSFER

COME HERE FROM FOR S.P.-32K
CBSERVATION LOAD FUNCTION

00008
0Do61
114.14 16
— — BEGIN 00008 8
— — . X '
t  BEGIN 00061 h M e e
17
9
— = g 1 a1840
g I IT FINDs TaeE € EXECUTE
L. CEx N ¢ 1 | MACHINE GoOE
: 9 AT O1840
10
18

VR!BTE PRINTER
0 WRITE PRIN
00000 00011 BED e

3000 00011

00010

78



WASA-GOFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE ¥
CROSS-REFERENCE LISTING ’

PAGE BOX LABEL REFERENCES
1,01 00020

1.28 00570 1.21

2.0 aosT? 1.2%

2.08 00576 1.30

z.a2 01814 2.20

2. 01815 2.15

.28 01820 2.18 9.03
3.01 005Ys 2.08

3.08 oon2 2.25

3.16 00095 s.0r

3.85 00578 3.2

4,01 o0sT3 3.33

4,03 oosrs 3.34

443 o1812 4.21

4,22 oooe2 4,19 132,36 133.33
5.01 01813 4.16

5.12 oooz2 4,04

5.17 00094 5.02

6.01 01802 5.44

6,08 01804 6,14
;6,15 01805 6.09

6.18 01804 5.45

6.22 01810 6.12

7.01 00501 6.20

*.04 0003/ 6.21 16.03  16.0¢
1.15 00036 1.06

7.26 ou264 T.24

8.08 00093 8.0t

8.11 00023 8.03

8.17 Doo24 16,06

8.22 01816 9.05

8.26 00263 8.15

9.06 o181 8.25

9.14 00481 9.10

2.16 ooo91 9.13

8.22 00480 9.20

79



- 928 -

10,10
‘10,18
10.17
10.22
10.26
10.32

10,38
11.05
11.10
11 .17
11.23
11.36
12.09
12,13
12,16
12,28
13.12
13.16
13.24
13.32
14.01
14.10
15.01
15.00
16.04
16.08
16.12
16.14
16.16
16.19

ooar2
004T3
00033
00061
00063

01840

9.13
12.20

- 30.08

10.13
11.04
10.24
10.25
10.34
10,40
10.37
10.34
11.37
11.22
12.06

12.18
13.04
13,14
10.09
13.26
13.34
13.35
14,30
14,31
16,01
114,14

16.17%

9.15
12.22

11,01

10.43
10.40

13.11

80

PAGE | CONTNUED

9.21 B ‘
12.24  13.15 1383 161 -

11.03

11.07



NASA~GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

3003703701
Q9004002108
Q9004103551
Q9004303601
Q9004503801
Q004602341
Q3006604401
QID04701956
Q9004904056
@OO05001381
QRIOO5803496
Q9005901356
Q9006002476
QROO06100101
Q9006204101
Q9006300151
Q9006402751
asn0es02721
Q9006704026
RO006803401
Q9006902761
9007002651
@oo07102521
Q0007203901
@9007304201
®9007401941
Q9007503301
Q9007603351
/9007704491
Q9007902936
49008102301
@s008202801
@9008302418
asn08404501
Q9008501201
as008601301

SWITCH TAPE ASSIGNMENTS

COSINE

PRINT INITIAL ELEM.,DRAGS, EARTH CON
LOAD AREA,MASS,DRAG DATA CARD FOR MC
COMPUTE CONSTANTS FUNCTION

COMPUTE AND PRINT R.M.S. FOR EACH OB
CGOMPUTE EFFECTIVE DRAG

ADD TO :SUM OF (O—C) S@. AND. TO N COR
COMPUTE CONSTRAINT EGNS. (ADDIT.EQC)
(O-C) ANGLE REDUCTION F.

INITIALIZE INTERPOLATION

COMPUTE AND STORE CORR. ELEM.

LOAD AND STORE PRINT REGUEST CARDS
PRINT CORR. ELEM. AND S.D. OF FIT
SUM UNKNOWNS

O-C PRINT FUNCTION

ABSOLUTE VALUE

RANGE RATE FUNCTION

LOAD CONSTRAINT WEIGHTS

DELTA TAPE READ AND INTER®.

ONE-WORD LOAD

INPUT CONVERTER

OQUTPUT SCALE

LOAD DRAG DATA

RUN IDENT. LOAD + PRINT

SATELLITE IDENTIFICATION

DAY COUNT

OBSERVED DATE TO J.D.

ORBIT GENERATOR INITIALIZE

ELEMENT LOAD

MATRIX CLEAR

OBSERVATION LOAD

SPO

ORBIT GENERATOR

LOCAL STATION PREDICTION

POSITION IN ELLIPSE

81

PAGE

1

A



Q9008701404
@9008801601
9008902316
Q9009002381
@9009101701
Q9009303501
Q9009403521
Q9009802196
Q9009702101
Q9009802156
Q9009904331
VOD032+00000000+00
V004861 +16000000+02
VODB15+10000000+01
VOO459-10000000+01
VODA60+10000000+02
VOD465+10000000+02
VOO466+1 0000000 +01
VO0475+00000000+00

V00498 +10000000+03°

vO0495+28000000+02
v020198+10000000+01

vo00a2+30000000+04 .

V00003 +50000000+01
vODOO7 +50000000+02
v000gd9+10000000+02
v00010+00000000+00
V0001 1+10000000+01
v00012+19000000+02
vD0013+18000000+02
v00015 +50000000+01
vO0016 +10000000+02
v0001 7 +10000000-02
vO0018+10000000+06
v000g58+20000000+01

PAGE 1A CONTINUED

POSITION PARTIALS

OBSERVATION PARTIALS

AUGMENT MATRIX

SOLVE EQUATIONS

CONVERT CORRECTIONS

LOAD REJECT CARDS

SEARCH AND REJECT FUNCTION

SQUARE ROOT

SIN

ARC SIN

LOAD INTERVAL CORE DUMP CARDS
NORMAL SETTING,FOR NO JUMP AT END OF
NO. WORDS IN PERT. TAPE TITLE RECORD
K, MULTIPLIER FOR DRAG DELTA M
NO.STORED IN LOC.00000 IF TAPE CHECK
NO. OF TIMES TO TRY TO READ TAPE REC
MAXIMUM NO. OF INTERVAL CORE DUMPS
SETTING FOR INTERVAL CORE DUMPS ON T
NORMAL SETTING,FOR (O-C)*S PRINTED

MAX.NO. PRINT REQ. CARDS(INCL. HEADI
SET FOR RANGE RATE (O-C),S NOT DIFF.

ZERO
NO. OF ELEMENTS

MAX. NO. OF VARIABLES
NO. OF WORDS/ELEMENT NAME

82



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 1A CONTINUED

vOGG7 1 +90000000+01

wWOa036 %

V00179 +G00000G53+00

v00149-20000000+01

Vv06419+1000000G+01

v0O2090+40000006+01

V02091 +60000090+01

VO2Li92 +8G00000G+01

VOGG7 2 +43000000+02 WORDS/RECORD ON TG OQUTPUT TAPE
VOEI394 +000040000+0G NORMAL SETTING,FOR NO CORRECTED
vO398+20000000+01 Xy WHERE K 1 = (RHDO 1) 7 X

V01 800-13000000+01

VOOG29+00000000+00 SET FOR SINGLE PRECISION

83



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 00100

PRINT REQUESTED
QUANTITIES
PRINT REQUESTED
QUANTITIES

! 00101 ;

15.43

e e | i
] BEGIN 00001
[ = B

L)

n

NO. OF LINES
PRINTED=0

I
00008 = 00005

o

WRITE TAPE D
BCD MCDE
90013 00006,

WRITE PRINTER

WRITE PRINTER
MODE

7
™ 15 any PRINT :
! REQUESTED

13
— ——
'l IN 00G34 .
b e, ——
14
WRITE PRINTER
BCD MODE
90001 00006,

L 00110 15
g — b — —
[] BEGIN 00010 ]
[ U -

16
(NO. OF LINES
PRINTED) +1
J
00008 =
00008+00006
17
CNTR.+7
I
00009 =
aon09+00007
13
l HAVE Attt REQ. l
| LINES BEEN t

L FRINED

19

COMPARE 90001
™ 00908

84

PAGE 17

WRITE TAPE D
8C0 MODE
00013 0000,




PAGE 17 CONTINUED

21

’ A o —
COMPARE. 90008 0 YES. SCALE SIGMA
7O 00005 O wnad

00132 10
— —
[} BEGIN 00032 2
[ —— oo

N

02521

SUBROUTINE
INPUT 90011
RESULT 00013

EQUAL

@ Q-

> (3

00133

25

a2521

SUBROUTINE
INPUT 9012
RESULT 00015

W O

> e

O00h15 =
00061 5 /00027

r44

WRITE TAPE O
BCD MODE
00000 00006,

28

WRITE PRINTER
BCD MODE
aaaan  ongos,

85



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 18
K VALUE = 00100

[ o]
Zman 7
17.19
1
— o —_—
v BEGIN 00011 '
[ RO — —— —
‘ ]
2 061238 14
e ] ey
GET 4 WORDS ] BEGIN 40628 []
DESCRIBING e —
!
00013 = (90001 +
Q0009) ) 15
@ 3B 2
I
3 00023 = (90006 +
00023) )
QUANTITIES
!
00014 = (90002 +
©0009)) 16
a ges21
P 3 1 suBroUTINE
g | IneuT 00023
00015 = (90003 + '1 RESULT 00G23 001345 25
©0009) y — = _
+  BEGIN DOG3ID 4
e T 2
17
5
(@ SUB 2)-(a SUB 26
00016 = (90004 + 1
©0009) ) I Q sws 3
GO019 = I
Noi23-00G19 0024 = (90000 +
©0n24) )
6
LOC. OF @ SUB 1 18
oo019 = (9005 + I 2521 T
@609y ) a 5 n2521
SUBROUTINE a -
o | 1neut aonte SUBROUTINE
i RESULT 00019 ,:, INFUT 00024
7 7 | ReswT oonzs
Q suB 1
I 19
00019 = (900010 + 28
M0N19) ) 00019 =
00619 /00027 (@ SUB 3)-{Q suB
2y
)
nGo23 =
nnnz4-00a23
1 4
3

86



s
20
H o252t
4 2 LOC. OF @ SUB 3
SUBROUTINE ) !
‘g | INPuT DOO19 00024 = (90007 +
1 | RESULT DO01? | o009y
9 1 21
LOC. OF @ SUB 2 Mr Locn N0 @
00023 s I 3 g;:a&é.PRét;T 1
= (90006 + +
©0009)) L. U
10 ' 22
MF Loco (e no b
} ha |
REQUESTED) ,PRINT -
a1 COMPARE 00024
e e TO GO065

WRITE TAPE D
BCD MODE
GOG13 GO006,

WRITE TAPE D
B8CD MODE
00013 DO006

COMPARE 90010
TO 00065

5131

COMPARE 90010
TO 00005

a0119

00110

PAGE 18 CONTINUED

© O,

A

87

1
. a2s21
3 1 suBROUTINE
¢ | ineut oooz3
s | resuLt 00023
0
onu23 =
60023 /0N027
31
WRITE TAPE D
BCD MODE
613 0006,
32
b IS g
YES
33
COMPARE 911053
TO Q0005 ao112 35
' BEGIN 00U12 ]
FQRUAL
36
34 WRITE PRINTER
:_. __m J— — BCD MOCE
IHH [}
s On013 G0D06
17.15
00119 no110



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI
K VALUE 3 00100

00129
18.13

1
—_— e —_ -
s BEGINDOO29
Lrew — —— )

010

WRITE PRINTER
BCD MODE

00119

88
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NASA-GSFC MISSION AND TRASECTORY ANALYSIS OIvl
K VALUE = 00100

Q3000000000
Q9000103100 1 ST LOC. OF DATA STORAGE
Q9000203101 2 ND STG. LOC.
Q9000303102 3 RD STG. LOC.
Q9000403103 4 TH STG. LOC.
Q9000503104 5 TH STG. LOC..
Q9000603105 & TH ST6. LOC.
Q9000703106 7 TH STG. LOC.
QROUOCBN060 NO. OF LINES TO PRINT
99000902521 QUTRUT SCALE
@enn1000042 PRINTER OUTPUT OPTION
@9001100173 SIGMA
29001200065 CHANGE IN SIGMA
@9001300179 ITERATION NO.
vaaaus +00000000+00
NOOO06 +10000000+01
vaooor +71a0aa000+01
VQUUZ?*_’.DDUGDUDd-%E LISYING
v LABEL WEFERENCES.
17.01 00101 15.43%
17.10 0132 - 17.08
) 34 17.12 .
i:i: :110 vz 18.43 1824 16.34 © 1838 19.0e
17.20 00133 17.05
18.01 oo141 17.19
;8.14 00128 18.11
18.25 00130 18.22
18.35 oo112 18.33
19.01 00129 18.13
19.03 00131 18.24

89

_!'.0‘



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 20
K VALUE = 00130

(O-C) PRINT FUNCTION FOR
o.c. .
lomsx ’ (9X9Y00) + ¢
EQUAT.OR POLAR
IDENT.)
12.15 , I,
—_— = — 00017+90005
v BEGIN 00001 o
| Si— — a— pa— ]
18
2 —— ] —
: S. QUANTITY :
| ooo10 = so300 | THRU QUTPUT SCALE
3 19
IR S 02521
8 1 suBrRoUTINE
o] 1neur oo2ss
4 7 | resucT ooo1e
L gog12 = 92825 J
20
5 D016 =
00016 /00006
[ 0013 = 92826 J
. 21
— : COMPUTED QUANTITY :
4 = THRU OUTPUT SCALE
00027492827 i |
, 22
—= o n2s21
+90000000+02 81 susroutine
& | IneuT 90256
1 | REswT oooia
8
0B8s. TYP‘E' (xXy) 710 23
ponie = 00018 =
90253 ,90002 00018 /00006
9 24
00016 = INTEGRAL : SCALE O-C !
PART OF 00016 (UNWEIGHTED) '
10 2%

© ®

90



X+30=9X=ALPH.REP.

I
00017 =
00016+00018

11

00016 =
0001690002

00016 =
90253-00016

13

Y+90=9Y=ALPH.REP.
)

00016 =
00016+00018

9x9Y
I
00617 =
00C 7400016

91

PAGE 20 CONTINUED

O

e

g2521

SUBROUTINE
INPUT 90254
RESULT 00020

0020 =
90020 /00006

27

"WEIGHT) (10 TO 3)

[
agnze =
9025860027

238
SCALE O-C '

(WEIGHTED)
-

o0 -

5.

02521

SUBROUTINE
INPUT 90257
RESULT 00023

an023 =
aaa23 /00006

MBS, NO.
I
nonzs = 90245

32

WRITE TAPE D
B8CD MODE
00044 Gooas




NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVl PAGE 21

K VALUE = 00150

00159 [}
~—
[] BEGIN DOOOS ]
" R

92



CROSS--REFEREMCE LISTING

PAGE BOX LABEL REFERENCES.
20,01 00151 12.15%
21.03 00158 21.m
21.08 00159 21.04

K VALUE = 00150

Q9000100042

Q9000200009 TEN

9000300498 100

29100500497 EQUATORIAL OR POLAR IDENT.
®9004500045 »
Q9030000300 STATION LABEL
29030100301

@9282502825 YR MO DY
Q9282602826 HR M1

Qoze2rn2e27 SE. SEC
49025300253 0BS TYPE
Q9025500255 OBSERVED QUANTITY
49025600256 COMPUTED GQUANTITY
9025400254 0-C  (UNWEIGHTED)
Q9025700257 O-C (WEIGHTED)
49025800258 OBSERVATION WEIGHT
Q9024500245 0BS. NO.
9252102521 QUTPUT SCALE
V00005 +10000000+01

V00006 +10000000+06

VOOOO7 +00000000+00

VOOO27 +10000000+04 107103

93



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 22
K VALUE = 01200

LSP (LOCAL STATION
PREDICTIONS)
LspP 14
00061 =
101201 ? 00006 /00059
11 .12 cmesfpurnes
1 15
— e )
[] BEGIN 00001 0 8 02076
| . — —— el 9
. SUBROUTINE
] INPUT 00061
2 1 ] REsWLT DOO56
8 02001
2
. SUBROUTINE 16
o INPUT 00095
1 | RESULT 00085 3 02001
2
. SUBROUTINE
o INPUT 00095
3 1 | RESULT 00085
a 02041
6
. SUBROUT INE ) 17
o INPUT 00096 — — e —y
1 RESULT D0O047 8 IS OBS. = THETA 1 9
[Y— o=
4
13
8 ge2021
4
- SUBROUTINE
] INPUT 00047 HIGH
1 RESULT 00050 COMPARE 00070 cBS. = THETA 2
TO 00100
10494 26
— - —
5 [ BEGIN 90058 0
———y — ol
8 02001 EQUAL
2 00493 23
. SUBROUTINE 27 —
o INPUT 00097 ] BEGIN 90057 .
1 RESULT 00085 00010 = (00010 + [ M
(GOOT0)Y) 19
6 8 YES. USE G1 BAR 24
' USE G2 BAR »
8 02041 e el 2
6 20
. SUBROUTINE
0 INPUT 00098 38 02001
1 RESULT 00053 : 0 2
11210 . SUBROUTINE a8 az200
a INPUT 00071 2 t
1 RESULT 00035 . SUBROUTINE
o INPUT OODT2
1 RESULT 00035

21

01228

94



7
s 02001
[ & B
. SUBROUTINE
o INPUT 00050
1 RESULT 00085
8
? 02051
. SUBROUT INE,
5] INPUT 00053
b RESULT 00060
_ 9
8 ‘02011
3
. SUBROUT INE
4] INPUT 00047
1 RESULT 00059
10
8 G2001
2
. SUBROUTINE
0 INPUT 00050
1 RESULT 00085
11
8 gzare
9
. SUBROUTINE
a INPUT 00060
1 RESULT 00032
12
8 02001
2
. SUBROUTINE
o INPUT 00053
1 RESULT 00085
13
8 02041
]
- SUBROUTINE
o INPUT 00032
b RESULT 00085
L/
/-

PAGE 22 CONTINUED

AND G3 BAR

no

Lo e 1Y

95

a1227




NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIV!

K VALUE = 01200

1
—— | a— —
[] BEGIN 00011 ..
— — —
2
8 02011
3
. SUBROUTINE.
[} INPUT 00047
1 | RESULT 0OD99
3
: Foou;u‘re (R BAR:_* :
LOR TROSPHERE F.
4
8 o2n21
4
. SUBROUTINE
] INPUT 00095
1 RESULT 90002
5
gy |

O N

>3

09001

SUBROUTINE
INPUT 00099
RESWL.T DO0O99

1

8 09101

31 sueroutine

o | 1weur ooooo

3 | RESWT 00000
9

101212 ?

10

— | — ey
BEGIN 00012 0
— e

11
8 02001
2
. I suerouTINg
o9 | INPUT DDOSO
1 | RESWLT 00035
12
a8 02051
4 .
. | susrouTne
0 | INPUT 00071
1 | RESWLT 0OD099
13
—_— =
' INOSPHERE '
| S ———— —
14
: neno1
7 0901
S ! suerouTINE
& 1 IneuT o009
7 | resut 00099
15

96

PAGE 23

AZIMUTH

101214 ;

22
g e e ooy
s BEGIN 00014 [
LI I —
23
— —— - —y
[ AZIMUTH [
Ce e e el
24
-] 02001
2
’ SUBROUTINE
a INPUT 00071
1 RESULT 00035
25
8 02001
2
. SUBROUTINE
a INPUT 00072
1 RESULT 00041
01227



01213

P ——— ——— q
s BEGIN DOG13
Sonwen — —— i
17
8 02001
2
. 1 sueroutinE
o] ineur oonso
1 | RESLLT DO085
18
8 02051
. 1 sueroutTInE
o] ineur ooore
1 | RESULT DOD99
19
—_— = —
H INOSPHERE '
[ SEEE. — — ool
20
2 0s001
H De0c
S| sweroutne
5 | 1neuT Donge
7 | RESuLT 00099
21

97

PAGE 23 CONTINUED

)

ELEVATION

n

l 01218 ;

nNe

PY-N

01228
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K VALUE = 01200

t 01216 ;

1
— e b e —y
. BEGIN D0016 '
B e e ol
2
— —— ——
» RIGHT ASCENSION
b wane | e mnad
3
a8 02001
2
. SUBROUT INE
o INPUT 00076
1 RESULT 00035

o

B Qs N

02001

SUBROUTINE
INPUT 00075
RESULT 00041

o227

LOCAL HOUR ANGLE

101218 ;

k4
— —
[l BEGIN 000118 ]
S P i
a8
38 G2001
2
. SUBRQUTINE
0 INPUT 00074
1 RESUWLT 00041
9
a8 02001
2
. SUBROUTINE
L3 INPUT 00082
1 RESULT 00085
10
o e ——_— oy
] ZERO-G(1) BAR s
e — — —d
11
g 2041
. SUBROUTINE
ja] INPUT 00071
1 RESULT 00035
a1227

98

L-RATE

PAGE 24

’DlZZD ;

BEGIN DOO20

19

N

3.

2001

SUBROUTINE
INPUT 00050
RESWL.T 00085

~®

-0

02051

SUBROUT INE
INPUT OOO7T8
RESULT 00065

N

=G

Geaoo1

SUBROUTINE
INPUT 00056
RESULT 00085

>0 N®

az2ns51

SUBROUTINE
INPUT 00071
RESULT 00066

24

00099 =
00065+00066

25
EXIT



PAGE 24 CONTINVED

)
' ERE F. |
ZD12177 L.TREDSPL —

s 15
— —t
' BEGIN 00017 ' 3 tzazt
Cme e, e e | SUBROUTINE
[a} INPUT 00095
. 1 | RESULT 90002
8 p2no1
2 SUBROUTINE =
o | iweur coorr T comrect RANGE )
1 ] RESULT 00038 1 RATE FOR )

L [QNOSPHERE

17
- 1
@ 7 09001
6
SUBROUTINE
01228 5 INPUT 00099

RESULT 0099

€

99



W-RATE

NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIvi

K VALUE = 01200

»O. DO

SUBROUTINE
INPUT 00O50

RESULT 00085

(V]

~®

»O.

02051

SUBROUTINE
INPUT 00079
RESULT 00065

»Os NE

‘g2001

SUBROUTINE
INPUT 00056
RESULY 00085

-

w0

02051

SUBROUTINE
INPUT 00072
RESULT £0066

00099 =
00065 +00066

EXIT

8
= e iy
. IN 00022 ]
L 4

9

8’ G001
2
. SUBROUTINE
1] INPUT O0OT2
1 ] RESULLT 00035
10
8 02001
2
. SUBROUTINE
0 INPUT 00079
1 RESULT 00038
11
8 02001
2 -
. SUBROUTINE
g INPUT 00071
1 RESULT 00041
12
8 02001
2
. SUBROUTINE
5] INPUT 0OGT8
1 RESULT 00044
01229

100

PAGE - 25

l 01224 ;

17
g e | e oy
] 1IN 00024 ]
Cin> e e e
18
8 02001 ~
2
. INE
1] INPUT 00075
1 | RESULT D0OO33
19
8 02001
2
. SUBROUTINE
a INPUT 00082
1 | RESULT D0O38
20
8 02001
2
. SUBROUTINE
Ls] INPUT O0O76
1 | RESULT 00041
21
8 02001 .
2
. SUBROUTINE
3} INPUT 00083
1 | RESWLT 00044
01229



t 01223 ;

i3
[ BEGIN 00023 .
14
8 02001
2
. SUBROUTINE
s} INPUT 00073
1 RESULT 00035

15
r_BY MAKING THE —

I e

FOLLOWING
UNCHES, IN ROW

Mt 4

16

N

-,

020m

SUBROUTINE
- INPUT 00080
RESULT 00038

01230

101

l 01225 ;

PAGE 25 CONTINUED

1
e e | oy
] N oooes (]
L I
23
8 02001
2 .
. SUBROUT INE
0 INPUT 00077
1 | RESWLT 00038
24
8 02001
2
. SUBROUTINE
] INPUT 00034
1§ RESULT 00033
01230



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01200

!01225 ;

BEGIN 00026

l.J.

n

N

w3

02001

SUBROUTINE
INPUT 00074
RESULT 00035

o

» O« N

02001

SUBROUTINE
INPUT 00081
RESULT 00038

0. NG

o2001

SUBROUTINE
INPUT 00024
RESULT 00085

=0. O

02041

SUBROUT INE
INPUT 00071
RESULT 00041

02041

SUBROUTINE
INFUT 00078
RESULT 00044

01229

22,22 =i

Z 01227 ;

BEGIN 00027

nN®

==Y

02001

SUBROUTINE
INPUT 00050
RESULT 00085

~ %

e

02051

SUBROUTINE
INPUT 00035
RESULT 00062

~x

e

G2051

SUBROUTINE
INPUT 00041
RESULT 00063

N

-5

02246

SUBROUTINE
INPUT 00062
RESWLT 00099

102

PAGE 26

lmzes;

25.12 «=dppeeet’
18
[] BEGIN 00029 ]
19
a 02001
2
. SUBROUTINE
a] INPUT 00050
1 RESULT 00035
20
8 02051
7
. SUBROUTINE
2} INPUT 00038
1 RESULT (0063

N X

e

02001

INE
INPUT 00056
RESULT 00035

,O. N

02051

SUBROUTINE
INPUT 00035
RESULT 00066

0006er =
00065 +000166

N @

iy

02001

SUBROUTINE
INPUT 00050

J REsuLT 0O00a5




22,25 wpmeeed

[

! 012238 7

BEGIN 00023

13

14

=T N

02001

SUBROUTINE
INPUT 00050
RESULT D085

~N®

=T

g20151

SUBROUTINE
INPUT 00035
RESULT (0064

O

=5

n2156

SUBROUTINE
INPUT 00064
RESULT 10099

103

PAGE 26 CONTINUED

2%

~o

3.

020351

SUBROUTINE
INPUT 00044
RESULT 00065

» O N

n2001

SUBROUT IRE
INPUT D0056

RESULT 00033

27

O N

02051

SUBROUT INE
INPUT 00041
RESULY 00066

a00ea =
00065 +00066

=0 NW

a2001

SUBROUT INE
INPUT 00050
RESUWLT 00085

~No

.

az2051

SUBROUTINE
INPUT 00035
RESULT 00062

9

a2n51

SUBROUTINE
INPUT 00041
RESULT 00063

32




K VALUE = 01200

7

00066 =
00063000

00031 =
0O063400063

00062400062

NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

006!
00065 -00066

00066 =
00031 +00069

00099 =
00065 /10066

<€
h 4
15
00065 =
00062400062
16
00066 =
0O0n0e-000635
17
9 02196
4 .
. SUBROUTINE
a INPYT 00066
1 RESULT 00031
18
oo099 =
00067 /00031

104

25 .16 st

PAGE

tD!ZBD;

BEGIN 00030

g

N

02001

SUBROUT INE
INPUT 00056
RESULT 00085

~®

=

02051

SUBROUT INE
INPUT 00035
RESULT 00065

0. N

02001

SUBROUTINE
INPUT 00050
RESULT 00085

~®

-

02051

SUBROUTINE
INPUT 00038
RESULT 00066

00067 =
00965 +00066

~N®@

O

02051

SUBROUTINE
INPUT 00035
RESULT 00062

>

2r



NASA-GSFC WISSION AND TRAJECTORY ANALYSIS DIVI
K VALUE = 01200

@9I0DS7O0493 WORKING STG. {BEGIN COMMAND)
Q9005800494 WORKING STG. (BEGIN GOMMAND)
Q0004700358 RHO BAR

QON0S000361 (RHO BARY%

ROD05300365 RHMO DOT BAR

AOO05600368 (RHO DOT BAR)*

QO0G5950364 RHO

Q0006000371 RMO DOT

QUN07TN00253 OBSERVATION TYPE

AT 106316 G 1 BAR

QoNn7200319 6 2 BAR

qooar3an3zz 6 3 BAR

Q007400325 G 4 BAR

QOaD7500328 ¢ 5 BAR

20007600331 G 6 BAR

QUOaT7O0334 G 7 BAR

QO007800337 G 1 DOT BAR

Q0007900340 G 2 DOT BAR

Q0008000343 G 3 DOT BAR

an008100348 G 4 DOT BAR

Q0008200349 G 5 DOT BAR

@n009300352 & & DOT BAR

A0008400355 G 7 DOT BAR

an008502085 va

Q0008602001 VECTOR MOVE

Q0008702051 DOT PRODUCT

Q0008892011 VECTOR MAGNITUDE

QOD089U2041 VECTOR SUBTRACT

anon9nn2o21 VECTOR DIRECTION

RO009102076 SCALAR-VECTOR MULTIPLY
QO009202246 ARC TAN (Y/X)

QIO09302156 ARC SIN

Q0009402196 SQUARE ROOT

Q009500204 R BAR,SATELLITE POSITION VECTOR
Q009600310 CAP R BAR,STATION FOSITION VECTOR
anoneTonZOT R DOT BAR,SATELLITE VELOCITY VECTOR
AO009800313 CAP R DOT BAR,STATION VELOCITY VECTO
aOn0990n256 COMPUTED OBSERVATION
Q9000109001 IONOSPHERE QORR. FUNCTION
QO000200375 (R BAR) %

Q90003091061 RANGE AMBIGUITY RESOLUTION F.
VOO0100+1 7000000+02

VOOa0S5 +00000000+00

VIO006-+1 0000000 +01

105



CROSS=REFERENCE LISTING

PAGE BOX LABEL REFERENCES
22.m 01201 11,124  11.20% 176.20% 179.05%« 179.18%
22.23 00493 22.18
22.26 00494 22.18
23.01 01211
23,10 01212
23.16 01213
23.22 01214
23.26 01215
24.01 01216
24.05 o121
24.0r piz18
24.12 01219
24.19 o1220
25.01 01221
25.08 D1222
25.13 a1223
25.1¢ 01224
25.22 01225
26,01 D1226
26.0/¢ mzzs 22,22 23,25 24,08  24.11
26.13 ni1zz8 22,25 23,2¢ 24,06
26.18 01229 25,12 25.21 26.06
27.08 01230 25.16 25,24

106



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01300

PE (POSITION IN ELLIPSE)
POSITION IN ELLIPSE

10, 30 cmmsio—dy

!01301 ?

BEGIN 00001

l.1.

n

J
00033 = 90001

te A

o

J
00034 = 90002

LP E

J
00035 = 90016

Le 1

e

.

02196

SUBROUT INE
INPUT 00033
RESULT 00015

ana1s =
10015400033

00923 =
onNn34x0034

©

/]
18
) 02061
8
. SUBROUTINE
1] INPUT 00025
1 | RESULT 90085
19
9 a2101
0
. SUBROUTINE
2] INPUT 0OG35
1 RESULT (K15
20
B 02076
9
. SUBROUTINE
A INFUT D15
1 1 RESWLT 90022
21
PR NN S ——
’ cos 1 ]
b e | e ad
22
9 02105
G
. SUBROUTINE
3 INPUT D0OG35
4 RESULT G015
23
90024 =
YIT24+G001S
24
3 2001
2
. SUBROUTINE
i INPUT 25
1 RESULT 9UGRS

107

PAGE 28

33
a g2a
2
. SUBROUTINE
fi] INPUT 90025
1 | RESULT 90085
34
— =
[] GAMMA BAR (]
35
3 n2061
8
. SUBROUTINE
[2 INPUT 90022
1 | RESULT 90023
36
a0015 =
91 5-90012
37
9 02105
o]
. SUBROUT INE
3 INPUT (0015
7 | RESULT 00016
33
9 02101
3]
. SUBROUTINE
&] INPUT 00G1S
1 1 REsULT 10015
39
a a2n51
2
. SUBROUTINE
o] INFUT 90028
1 RESULT 90Gas
40
= =

t COS W1 GAMMA BAR



9
00023 =
00051-00023
10
) 02196
4
. SUBROUTINE
o INPUT 00023
1 | reswLT 00023
11
nones =
0003300023
12
— —t—_—
. COMPUTE .
[ m— — ——
13
9 02105
o
X SUBROUTINE
3 INPUT 90017
7 | RESWLT DO0O25
14
o | —
s OMEGA BAR (]
[ SE ———— ——
15
9 02101
o
. SUBROUTINE
o INPUT 90017
1 RESULT 00026
16
l ann27 = tooso ]
17
8 n2om
2
. SUBROUTINE
r INFUT 06649
1 | rEswT 90085

/_4_./

‘25
8 D261
8
. | SUBROUTINE
g | Ineut 90022
1 | RESWLT 96085
26
9 92101
g
. | sueroutINE
g | 1IneuT 90012
1 } RESULT 00015
27
8 02076
9
. | suBrROUTINE
0 ! INPUT 00015
1 | rEswT 50020
28
a 62001
2
.| swrourne
5 ] INPUT 00025
1 { RESWT 90035
29
9 02105
n
. | swrouTE
3 | 1neut 9oot2
7 | rESWLT GOO15
30
3 02676
9
. | susrouTINE
G | INeuT GOG15
1 | RESUT 90035
31
| e _— _— R |
' BETA BAR .
| SR i — —
32
a 02031
5
. | suBrouTINE
G | INPUT 00020
1 | RESWLT 90025
L/
/-

108

JPAGE BCONTIMNUED

41
8 02078
9
- SUBROQUTINE
2] INPUT 00016
1 RESWLT 00017
42

43
a az207e
9
. SUBROUTINE
2] INPUT 00015
1 } RESULT 00020
44
g 02001
. SUBROUTINE
1] INPUT 90025
1 | RESULT 90085
45
-0 SIN W,1 BETA BAR
46
[} 02016
9
. SUBROUTINE
1] INPUT 00015
1 RESULT 000925
47
¢ COS Wi BETA BAR ¢
48
) 02076
9
SUBROUT INE
INPUT 00016

[ 3 Y

RESULT 90085

L/




NASA~GSFC MISSION AND TRAJECTORY ANALYSIS DIvI

K VALUE = 01300

/7
1
8 02031
5
. SUBROUTINE
0 INPUT 00020
i RESULT 90031
2
8 a2001
2
. SUBROUTINE
a INPUT DO017
1 RESULT 90035
3
] 02041
]
. SUBROUTINE
0 INPUT 00025
1 RESULT 90034
4
9 02271
7 .
. SUBROUTINE
a INPUT 90013
1 RESULT 00015

boiuinned 1

]
[] B ]
7
9 2216
5
. SUBROUTINE
o INPUT 00015
1 RESULT 90040
3

Cos EAT)

17

00015 =
00015300011

s

f
90008 =
00050-00015

<m
I

09 =
0001300012

o5 =
0230001 1

N

T

a2a01

SUBROUTINE
INPUT 90034
RESULT 90035

0w

¢

S

(=Y

G2a7e

SUBROUTINE
INPUT 00015
RESWALT 00020

aaGg15 =
0001200034

aa614s =
HOG33:00015

O

109

PAGE 29

33
00015 =
00023400012
34
00015 =
00015 /00014
35
8 02001
2
» SUBROUTI
1] INPUT 90034
1 RESULT 90085
36
a azare
9
. SUBROUTINE
a INPUT OO015
1 RESULT 90085
37
a 02041
6
. SUBROUTINE
] INPUT 00020
1 RESUWLT 90035
33
' V BAR )
39
3 02076
9
B SUBROUTINE
g INPUY 00036
1 RESULT 94041
40

R MAGNI TUDE



~Nule OO

02105

SUBROUTINE
INPUT 90040
RESULT 00012

00015 =
00012400034

(1-E CC)iGr Ea)

00014 =
00051 ~00015

T©

-G

02101

SUBROUT INE
INPUT 90040
RESULT 00011

00013 =
O0O3440H134

00013 =
00051 -00013

aQ

[ R=T)

02196

SUBROUTINE
INPUT 00013
RESULT 00015

|/

® .

1
8 02001
2
. SUBROUTINE
[} INPUT 90031
1 | RESULT 90035
26
a 02076
9
. SUBROUTINE
9 INPUT 00045
1 | RESULT 9U0AS5
27
e = ey
[} R BAR ]
L |
23
] 02031
5
. SUBROUTINE
] INPUT 00020
1 | RESULT 90037
29
0015 =
003340611
30
ooms =
60015 /400014
3t
38 G2001
2
. SUBROUTINE
4 INPUT 90031
1 RESULT 900835
32
8 62076
9
. SUBROUTINE
0 INPUT 00015
1 RESULT aua2n

L/
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PAGE 29 CONTINUED

4
g 02011
. SUBROUT INE
a INPUT 90037
1 RESULT 90010
42
e o |y
[] VvV MAGNITUDE []
e — ) — )
43
3 02011
3
. SUBROUT INE
0 INFUT 90041
1 RESULT 90011




K VALUE = 01300

9000001100 T, EPOCH TIME IN C.U.T.
QOOMG100218 SEMI MAJOR AXIS AT T, TIME OF OBS.
@9000200219 ECCENTRICITY AT T
Q900301113 MEAN ANOMALY AT T(O)
49000401115 ARG. OF PERIGEE AT T(D)
49000501117 LONG. OF ASC. NODE AT T(OD)
@9000603864 J

Q900703852 )

Q9000800201 5T

Q9000900202 @

9001000210 R (MAGNITUDE OF R BAR)
9001106211 V (MAGNITUDE OF v BAR)
@9001201112 DELTA AT T
29001300213 MEAN ANOMALY AT T
Q9001500215 ARG. OF PERIGEE AT T
29001800220 INCLINATION AT T
Q9001700217 LONG. OF ASC. NODE AT T
@9001901119 MEAN MOTION AT T(D)
@onnzz002e2 ALPHA BAR

@o0n2400224 ALPHA SUB K

@on02500225 BETA BAR

@9002800228 GAMMA BAR

29003100231 £ BAR

QO003400234 Q BAR

Q0003700237 R BAR (POSITION VECTOR)
29004000240 E(T) (ECCENTRIC ANOMALY)
9004100241 V BAR (VELOCITY VECTOR)
29005000200 T, TIME OF 0BS, IN C.U.T.
Q9008502085 va ’
Qonnesn2001 VECTOR MOVE

Q9008702061 CROSS PRODUCT

Q9008802011 VECTOR MAGNITUDE
9068902196 SQUARE ROOT

aon00002271 PRINCIFAL VALUE

111



Q9009102101 SIN

@9009202165 s

Q9009302216 . KEPLER
@9003402031 VECTOR ADD
@9009502041 VECTOR SUBTRACT
Q9009602076 SCALAR MULTIPLY
V00007 +50000000+01

vaoona8+40000000+01

vO0049+00000000+00 ZERO
vO0050+00000000+00 2ERO

vOO051 +#10000000+01 ONE

CROSS-REFERENCE LISTING.

PAGE BOX LADEL REFERENCE
28.01 01301 10.30¢« 08.27%

112



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIvl

01355

K VALUE =
COMPUTE AND STORE
CORRE ELEMENTS
101356 ?
14 .24
1
— m— e
] BEGIN 00001 []
[
2
STGEISIGMA
00013 = 90035
3
CNTR . =0}
I
00014 = 00005
4
M is 1 ORS. ¥
. NG
I.._GEN_._x e )

YES. COMPUTE
CORR. POS. AND
VEL. VECTORS A

I
a0021 =
+GODDODHD4>01

' CON VERT THEM TO
) NTS
{CORR.) ELEME

7

01377

7

YES. STORE PREV.
A

J
90020 = 900Mm

STORE ?REV. £
(90620 + (O0006))

STORE PI}EV. NJ
(90'32" + (‘.'DUIB))

20
I 06914 = 60005 ]

21

STORE PREVIOUS
MAG.R, MAG. V,

onGz1 =
+1100GG00+0G2

l 22

DEL TA ,MEAN |
I ANOMALY , PH! 1ARG. |

R

®

113

PAGE 30

STORE PREV. HT.
POGEE

SET FOR SPECIAL
ENTRY TOIEL' LOAD

9004
+10000000+01

32

M ouer &1 Lowo 3
1 AND COMPUTE ]

L EEE

33
1
I 02936
7| susrourine
o | Ineur oooso
2 | resut oooos
34

35

MAX.NO.OF RHO SUB
1

I
a09g21 =
+20000060+01

[ 00014 = Gooos ]

g
] NAME Onnz2
S ——




8
—
0022 ]

—

fommcssein
o

00016 =

DELTA COMPONENT
(FROM CC)

(0014))

(90027 +

o016
00016400015

STORE

COMPONENT

5
(90027 +
= 00015

PREV.

(G0014))

13

STORE

COMPONENT
I
(9119 +

CORR .

(00014))

14

oom4 =
0001 4 +00006

15

f ARE PREV.AND
[} CORR.POS, + |
VEL.VECTORS STORE

=

—

L/

HI

®

' 23
g s ey
' NAME 00022 ]
b e, i md)
I 24

PER. , INCLINATION,

. OF NODE,

waG14))

I
00015 = (90050 +

COMPARE K021
TO 00014

LO/EQ

61377

25
ELEV.V,N,AND ECC.
ANOMALY
1)
90028 + @O014))
= 00015
26
( 00014 =
000 4+00006
27

28

STORE PREV.
PERIOD

I
9UtR25 = 9nn12

29

STORE PREV. HT.
OF PERIGEE

)
9021 = 90013

L/

114

PAGE 30 CONTINUED

3a

PREV.RHO SUB I

!
000915 = (90016 +

(0014))

33

DELTA RHO 5UB I
(FROM CC)

!
00016 = (90023 +

@0014))

PREV.+DELTA=
CORR.

I
ao016 =
0001 5+00016

41

STORE PREV.RHO
suB 1

)
(9023 + (UOG14))
= (0015

42

STORE CORR.RHO
SuB 1

I
(U016 +« (OO014))
= 40016

0014 =
0001 4+000606

L/



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 31

K VALUE = 01355

MCOI NOT BEING USED, 35O
COMPUTE CORR.ELEM.
20
101365 ; INCLINATION,
L@K’..Cfl" NODE ,
303,035 sommnend 00016 = (90058 +
5 ©Q0a14))
P e s
[ BEGIN 00010 ]
[ SR —— |
21
] ELEV.V,N,AND
ECC.ANOMAL Y,
01377 DELYTA A (FROM CC) J .
00016 =
00Mme6 = 90020 O0016+00015
2
STORE PREV. (1+
RHO 1) (? suB ) T 22
90052 = 90051 STCRE PREV. A WHERE
I CORR.ELEM.=
o020 = 90001 PREV.ELEM.
I
3 (90053 + (14))
= G0015
1 + CORR. RHO SUB 3
1
J PREV.A + DELTA =
900151 = CORR. A 23
oD006+90016 ) ’
9nnG = + DELTA FROM
90001 +00016 T CELEM
I
4 QU004 + (UUOO14))
= 0U016
CORR. (1+ RHO 1) 9
(C suB D)
I DELTA E (FROM CC)
9051 = J 24
90051 %90353 00616 = (90020 +
Gaas) ) ALSO STORE
PREV.ELEM.
e
00014 =
10 0001 4+00006
STG?EIPR_EV.E
/ (90020 + (O0006)) 25
01374 = 900a2 — )
¢ OVER DELTA ELEM.
11
PREV.E + DELTA =
CORR.E
I
90002 =
90ON2+00016
| COMPARE 00021
TO DO014
12

115



PAGE 31 CONTINUED-

DELTA NU (FROM
)

5
00016 = (90020 +
©00018))

STORE Piﬁ‘l. NV
(90020 + (00018))
= 90003

14

PREV. N + DELTA
= NV

90003 =
90003+00016
15
00021 =
+90000000+01
16

[ ooota =oooos |

17
COMPUTE. AND ST(R?

§ T CORR.DELTA !
{ RR-DELTA,
18
—_———_ =
. NAME 00011 '
[ W, i — —
19
MEAN
ANOMALY ,PHI ,
ARG.GI PER.,
00015 = (90004 +
O0o014))
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NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE

MISCELLANEOUS STATEMENTS
K VALUE = 01355

Q9000001100
i Q9000101101
Q9000201102
@e000301103
Q9000401112
Q000501113
Q3000601114
@I000TO1145
Q9000801116
Q9000901117
@001001119
@9001101120
@9001201123
@I001301124
@9001401125
@9001601150
@9001701170
@90018011196
Q9001901104
Q9002000500
@9002100523
Q9002200524
Q9002300525
@9002400545
Q9002500522
Q9002700503
Q9002800509
Q9003003851
@9003103852
Q9003200599
@9003300048
@3003400049
Q9003500178
Q9003600065
@9003700082
Q9003800019
Q9004002196

18T OF 100 LOCS.FROM WHICH BIN. RECO

A (PREVIOUS ELEMENTS, WHICH
€ REPLACED BY CORRECTED ELE
Ny THE FUNCTION)

ANGLE DELTYA

L

ANGLE PHI

ARG. OF PERIGEE

LONG. OF NODE

N

ECC. ANOMALY

PERIOD

HT. OF PERIGEE

HT. OF APOGEE

N(2,8) OR RHO SUB 1

N3,Q

SIGMA

FIRST LOC. OF POS. + VEL. VECTORS
DELTA A (REPL.BY PREV.A IN F.)
PREV. HT. OF PERIGEE

PREV. HT. OF APOGEE

DELTA N(2,@) OR DELTA RHO SUB I
DELTA N3,@ (REPLACED BY PREV.N3,Q IN
PREVIOUS PERICD ]
DELTA R BAR,V BAR (REPL.BY PREV.VECT
FIRST OF 11 LOC. OF PREV. ELEM.

c

w

M (NO. OF UNKNOWNS)

N

SUM OF (0-C) S@Q.

SIGMA

CHANGE IN STGMA

ABS. VALUE OF DELTA SIGMA

(DELTA SIGMA) /SIGMA

SQ.RT.
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K VALUE = D1355 PAGE 24A CONTINUED

Q9004102271 ANGLE RED.

@9004202751 ABSOLUTE VALUE

Q9004302936 ELEMENT LOAD (CONVERSION OF ELEW.)
@9004400090 IND. OF NORMAL OR SPECIAL ENTRY TO €
@9005001110 FIRST OF 11 LOC. QF PREV. ELEM.
Q9005100567 CORR. YALUE OF (1+ RHO 1) (C SUB O}
Q9005200566 PREV. VALUE OF (1+ RHO 1) (C SuB O
005300267 csuBoD

@9005402011 VECTOR MAGNITUDE F.

Q065501157 PREV.VEL.VECTOR (REPL.BY CORR. IN F,
Q9005601111 PREV.MAG.VEL . (REPL.BY CORR. IN F.)
Q005700510 DELTA MAG.VEL. (REPL.BY PREV. IN F.)
Q005800511 18T LOC.OF 9 DELTAS (REPL.BY PREV.EL
9006904491 ORBIT GENERATOR INITIALIZE
Q9OD7004501 ORBIT GENERATOR

Q07100200 OBS. TIME IN C.U.T.

QOO O000099 ORBIT GENERATOR IDENT.

FK0303342 2 PI

VOOO05 +50000000+00

VOO006+10000000+01
VOOOO?7+ 20000000402
VOOa09-10000000+01
VOO0 2+109000000+03
VOO018+20000000+01

CROSS=REFERENCE LISTING
PAGE BOX LABEL REFERENCES .
30.01 01356 14.24%
31.05 01365 30.05
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NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI
K VALUE = 01380 PacE 32

ANGLE REDUCER FOR
ABS.VALUE COF (O-Q)

l 01381 ;

11.25
1
—— — ﬁ
. BEGIN DOOD1 ]
— o —d
2 —
: Is CBS. TYPE = 6 : 01389 5
(RT. ASC. — s Y
L — — d] v BEGINGD '
[ -
3 6
: Is 0BS. TYPE = & :
_ (L. H. AL
HIGH L L

of

A
i N@
Ja

I

I
.

[

|

L

COMPARE 90003
T GO015

ZPI-T'V‘

!
ooz =
an005-900n4
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Q .

lsozwAme
@P1 -y

® -

l_ ..."_ —

01382 13
: YES. 1S C EQUAL 'I
30 TO OR LESS T
— e —— — { I |
. YES. TEST ]
e — g —

120

B AT
e e

LO/EQ
— e
[ NO
Sy — e
23
EXIT

PAGE 32 CONTINVED

[} BEGIN 00018

THETA 1 'S MORE THAN PI

24

23

(THETA 1) - (2
PI)

[
90002 =
90002-00005

26



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 33
K VALUE = 01380

~—
[ BEGIN 13 ]
-

o

COMPARE 90001
TO 90004

4
' YES. ISCEQUAL—1
f TOOR MORE THAN |

COMPARE 00012

TO 90962

YES., SET C = C -
2Pl

)
onngz =
9nan2-0000%

EXIT
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PAGE WOX TABLE

K VALUE = 01380

32.01 01381
32.05 01389
32.09 01391
32.17 01394
32.24 O1398
32.2¢ 01390
33.01 01393

CROSS~REFERENCE LISTING

REFERENCES

11,25

32,03

32.04 32.30
32.07

32.21

32.03

32.12 32.14

K VALUE = 01380

QO001703839
vaGane +60000000+01

TO007 +4G000000G+01

<
.
h

vOnGaa+80000000+01
VOO 5 +1 7000000402

[s] (OBS. QUANTITY IN RAD.)

C (COMPUTED QUANTITY IN RAD.}

OBSERVATION TYPE

T (TOLERANCE IN RAD.)

2 Pl

PI
(PURPOSE IS TO REDUCE COMPUTED ANGL
WHEN (O-C) IS LARGE DUE TO DIFF,
AROUND 2 PI.- ALL INPUT AND OUTPUT I

USES 18 LOCS.)
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NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 34
K VALUE = 01400

91501 ,—-/
PP (POSITION PARTIALS) ‘
POSITION PARTIALS
10 26
e ey
01401 » BEGIN 00101 ' 8 02076
| P, — e ra— | g
- . SUBROUTINE
13,07 cifmar 1] INPUT DOOST
1 11 1 ] RESULT 90085
PRI i —
] BEGIN DOOD2 ' 00055 =
Cin  oee , ame ommd 90082-901083
: a2r
2 a 02041
12 6
onno7 = . SUBROUTINE
90082-90083 00055 = a INPUT 00040
0005500053 1 | RESULT 90099
3
T 13
h n2rs1 28
2 o055 = -
SUBROUTINE aa055 /0052
o INPUT Q0007
1 | REsuLT 00007
14
4 a G2001
w— T cm— 2
’—st J E L O’Q——: . SUBROUTINE
! EXCEED 74 fh INPUT 90081
e | e = 1 { RESULT 9085
5 15
a 02n76
9
HIGH . SUBROUTINE
J IS LESS THAN 74 ] INPUT 00055
1 ] RESULT 00040
16
a 3 G2001
— —— 2
G 79 ' . SUBROUT INE
—— — ] INPUT 90030
1 ] RESULT 90535
YES 9
!
o0o0g7e = (00020 + 00100 = (00100 + 4
(90009) ) (300091 )
- 3 62041
6
. SUBROUT INE
: 7 [ INPUT 00040
g e | o oy 1 | RESDLT 90093
6§ GO TOD (20 + J)

| W, — — ) l
Y
91500 @

01478
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00956 =
90095490095

00057 =
90084490084

00057 =
DOO5T$00084

an057 =
oon56 /00057

00057 =
00055500057

=G, N®

O2001

SUBROUTINE
INPUT 90081
RESULT 90035

ow

=N

02076

SUBROUT INE
INPUT DD054
RESULT 00040

)X

-

02001

SUBROUTINE
INFUT 90080
RESULT 90085

L/
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NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01400

101502;

BEGIN 00102

18

O NG

02001

SUBROUTINE
INPUT 00043
RESULT 90085

[~1"]

Nule

02105

SUBROUTINE
INPUT S0074

RESULT 00055

»Oe W

02041

SUBROUTINE
INPUT 00040
RESULT 90098

00056 =
0o0055+90071

OD057 =
90071290071

N®

-3

02001
SUBROUTINE

RESUL.T 90085

oooss =
00051-0005_7 :

@ ®

Y.

00035 =
00056/00058

=0 ND

02001

SUBROUTINE
INPUT 90080
RESWL.T 90085

om

-

azo7e

SUBROUTINE
INPUT 0DO55
RESULT 00040

anne2 =
9007090096

»Gs 0O

02076

SUBROUTINE
INPUT 00035

RESW.T 00040

aop062 =
00062 /90084
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PAGE 33

33

%

"»Qoe

02076
SUBROUTINE
RESUL.T 90099




00089 =
90071400055

o el

10

0060 =
005200057

00035 =
0006000059

»Q. OW

02101

SUBROUT INE
INPUT 90074
RESULT 00061

00035 =
00035400061

00035 =
00035 /00058

ono3s =
00035/,90072

Y18

N

02001

SUBROUTINE
INPUT 90061
RESULT 90085

Qs 00

02078

SUBROUTINE
INFUT 00035
RESULT 00043
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PAGE 35 CONTINUED

N e

[y =

SUBROUTINE
INPUT 90080
RESULT 90085

0w

e

02076

SUBROUTINE
INPUT 00062
RESULT 90035

we

e

QO

e

K364 =
90071 /93034

00064
0072400064

00064 =
00064 /00063




NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01449

Z 01503 ;

1
— — ey
BEGIN 00103 s
— — ted)
2
9 02105
o
. SUBROUT INE
3 INPUT 90073
7 | RESULT 00055
3
9 02101
[a]
. SUBROUTINE
0 INPUT 9DOT3
1 RESW.T 00056
4
00057 =
0005600056
5
onns3 =
O0055+00055
6
00059 =
S0P A00057
7
a00ed =
O58+00059
a
anuel =
90071 x90M171
9
00062 =
ag0s51 -00061

13
3 2076
9
. SUTROUTINE
0 INFUT T35
1 RESULT 0040
19
9 02105
L]
. SUBROUTINE
3 INPUT 90074
7 | RESILT 10066
20
AHI67 =
0060G-00066
21
0067 =
0671366
22
Onaa3s5 =
00051 -000eT
23
8 02001
2
- SUBROUTINE
il INPUT 90079
1 RESULT 9135
24
8 52076
9
. SUBROUTINE
i} INPUT 00635
1 RESULT (00143

127

PAGE 36

34
0ous9 =
00066400066
35
a0037 =
00059+00053
36
00037 =
00037 +00059
37
ao038 =
00055 +00066
38
nona3s =
AT I3
39
noo3s =
asa3’ -5
a0
060 =
GO0 35590096
a1
42
a (20G1
2
. SUBROUTINE
0 INPUT 9UG79
1 | RESULT 9nnas




02196

SUBROUTINE
INPUT 00062
RESULT 00063

wh. 2o

00064 =
06060-90071

00064 =
00064 -90071

00064 =
64 -90097

02101

Sw

SUBROUTINE
INPUT 90074
RESULT 00065

S

00035 =
00064 00065

00035 =
0035 /00063

17

gean1

nN @

SUBROUTINE
INPUT 90073
RESULT 90035

=

|/

25

N @

» (.

02001

SUBROUTINE
INPUT 00040

1 RESULT 90085 t

26

=0

020131

SUBROUTINE
INPUT 00043
RESULT 90035

00063 =

SOOTIHINO

ao06ea =
(0068 790034

[fes1]

(T

G076

SUBROUTINE
INPUT G006
RESULT 90098

00035 =
00055 -00066

_l

GaG57 =
GrI06 50065

00058 =
0005530055

000636 =
OO057+08058

L/
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PAGE 36 CONTINUED

43
a 02076
9
. SUBROUTINE
0 INPUT 000D
1 RESULT 00040
44
oonsr £
00036200066
45
o039 =
00061 +00055
a5
00039 =
O0a39+00055
47
62 =
00066200066
43
aGaez =
6062430066
49
aaGes =
S0071 400039
50
a0ued =
9071490071
51
anaer =
GOG64400037
52
0064 =
6006430071
/-



HASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIvI

K VALUE = 01400

T

000 =
0006400062

00067 -00064

o037 =
0o0037-00065

00064 =
00035066

00a37 =
o00037+00064

o037 =
ana37+00064

noa37 =
Oo037+00051

0. N

02001

SUBROUTINE
INPUT 90078
RESULT 90085

0 ®

(SR T

02076

SUBROUTINE
INPUT DON3Y7
RESULT 94135

Z %1504 ?

BEGIN 00104

N X

v 1

02001

SUBROUTINE
INPUT 90030
RESULT 90035

e L

02061

SUBROUTINE
INPUT 90075
RESULT 90098

N

e

12001

SUBROUTINE
INPUT 90031
RESW.T 90035

s s )

[ iy

02061

SUBROUTINE
INPUT 90475
RESWLT 90099

22

129

PRGE 37

! 11518 ;

29
[
] BEGIN 00106 0
——y — ot
30
a 02001
2
. SUBROUT INE
a INPUT 30030
1 RESULT 900635
31
3 a2061
8
. SUBROUTINE
a INPUT 90077
1 RESULT 90098
32
a gJ2001
2
. SUBROUT INE
0 INPUT 90031
1 RESWLT 94085
33
8 02061
3
. SUBROUT INE
a INPUT 9UGT?
1 RESULT 90099

34



[+ N ]

e

02031

SUBROUTINE
INPUT 00040
RESULT 90085

11

00nes =
OO68H-HI6R

oon6es =
00063 /901534

0063 =
K168 /063

nea =
00068490072,

15

[felke 7

e

020976

SUBROUTINE
INPUT 10068
RESWLT 900929

130

PAGE 37 CONTINUED

!01595 ;

L

BEGIN 00165

— el
24
a 02001
2
. | swerouTine
0 ] INPUT 90480
1| REswLT i3S
25
3 2061
a
. | SUBROUTINE
a | ineur 9ni7e
1§ RESULT 90093
26
3 N2
2
.| suerRcuTINE
g | IneuT 90US1
1 | rRESULT 9685
27
3 2061
3
.| suerouTINE
Al INPUT 20076
1 | reEsuLT 90099




NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01409

01507

[ o009 = K51

bt

4
3 0140
4
. SUBROUTINE
s INPUT 00000
1 RESULT 00000
5
a a20m
2
. SUBROUTINE
0 INPUT 90098
1 ]| RESULT 9985
3
3 02031
5
. SUBROUT INE
0 INPUT 90085
1 | RESULT 00070
7
a n2nt1
2
. SUBROUTINE
[z INPUT 90199
1 ] RESULT 90085
a
8 02031
5
. SUBROUT INE
4] INPUT 90085
1 | REsuLT OG5T3

17
a 02031
5
. SUBROUTINE
]
1
18
2 G201
2
- SUBROUTINE
8] INFUT 199
1 RESULT 90035
19
3 276
9
- SUBROUT TNE
4] INPUT 00058
1 RESULT 20085
20
2 Ti2ti31
5
. SUBROUT INE
] INPUT 00073
1 RESWLT G0473
21

ouNnY = NGL53

bined

22

oA

Tie

=

01401

SUBROUTINE

G55 =

OO =ITTL

nnGse =
anGs51 -0aass

131

PAGE 33

Ve

32
a Q2001
2
. SUBROUTINE
i} INFUT 90499
1 RESULT 30085
33
] 02076
9
. SUBROUT INE
9 INPUT 00060
1 RESWLT 90085
34
8 12031
5
. SUBROUTINE
[a INPUT GOOT3
1 RESULT 920099
35
N9 =
FPOONGIO0+01

G1405



90009 = 00052

10

&l

- e

01401

SUBROUTINE
INPUT 00000
RESULT 00000

00055 =
9071490071

00056 =
00051 -00055

o0

~Nl.

02105

SUBROUT INE
INPUT 90073
RESULT 00057

o653 =
DOO56:00057

15

« N®

-

02001

SUBROUTINE
INPUT 90098
RESWLT 90035

16

[ ]

-

52076

SUBROUT INE
INPUT G6G58
RESULT 90085

132

PASK 3 CONTIRUED

25

o

=T

12196

SUBROUTINE
INPUT 00056
RESULT 00457

[i

ST

G211

SUBROUTINE
INPUT 90073
RESULT 00058

00059 =
OO057:00053

00060 =
00050-00059

N %

Ik =T]

02001

SUBROUTINE
INPUT 90098
RESULT 90085

a2a76

SUBROUTINE
INFUT 00060
RESWLT 90035

e

02031

SUBROUTINE
INPUT O0G75
RESULT 90093

L/



NASA-GSTC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01400

lDlSOS ;

BEGIN 00108

r 00005 = 00002

| 90005 = ooost 1

o

G

01401

SUBROUTINE
INPUT 00000
RESULT 00000

<G 00

02105

SUBROUT INE
INPUT 90073
RESULT 103055

o056 =
90071 :00055

W57 =
00051 +00056

O m

az2a0t

SUBROUT INE
INPUT 90098
RESW. T 90085

133

F
18
3 02001
. | susrouTine
a | ineut 90098
1 { rESWLT 90085
19
& 02076
9
. | sueroutine
5 | ineuT oooss
1 | resut on0as
20
a n2031
5
.| swerouTine
g | Ineur noom
1 | resut 00om
21
a 2001
2
T | suerouTIng
G} INeuT 90099
1 | RESULT i85
22
a 02076
3
.| suerouTIne
L&} INPUT 00053
1 | reEswT 9nnas
23
3 2031
5
S susrouTing
(4] INPUT OO0T73
1 | resuLT 00073
24
[ 9009 = 00053 ]
25

PAGE 39

33

o

-0

02078

SUBROUT INE
INPUT 00060
RESULT 90085

W

-0,

02031

SUBROUTINE
INPUT 00070
RESULT 90098

N w

-G

02001

SUBROUT INE
INPUT 901099
RESULT 90085

O %

e

a2a76

SUBROUTINE
INPUT 00060
RESULT 901085

w0

02031

SUBROUT INE
INPUT 00073
RESULT 90099

90009 =
+80000000 +01

01405




9
[ opoTe
, »
. SUBROUT INE
o INRUT 00057
1 RESULT 000™T) l
10
8 02001
2
. SUBROUT INE
a INPUT 90099
1 RESULT 900385
11
8 a2071e
9
. SUBROUTINE
] INPUT D0057
1 RESULT 00073

12

90009 = 052 J

13

& o

-GS

INPUT 00000
RESWT 00000

00655 =
90071 2900171

00056 =
00051 -00055

SO

N,

02105

SUBROUTINE
INPUT 90073
RESULT Q0057

annsa =
nO056400057

|/

PAGE 39 CONTINUED

L N"

=0

31401

SUBROUTINE
INPUT 00000
RESWLT 00060

004055 =
90071 %300T1

00056 =
00051 00055

S pO

[y

12196

SUBROUT INE
INPUT LCKI56
RESULT HI57

guw

=S

02151

SUBROUTINE
INPUT 20G73
RESULT 004538

00659 =
OG5 700058

31

[V

-G

SUBROUTINE
INPUT 90598
RESULT 90435

|/



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS OIVI

K VALUE = 01400

t 01509 ;

-
BEGIN 00109 ]
el

onO09 = 00O52 J

{ ms:gﬂmz 1

01401

SUBROUTINE
INPUT 00000
RESULT 00000

00055 =
90T X9HIT]

056 =
00051 -00055

1]

L=

02101

SUBROUT INE
INPUT 90073
RESULT LG57

& o

=13

02196

SUBROUTINE
INPUT 00056
RESULT 00058

Vs ud

i7

P g o)

~N e

G2105

SUBROUTINE
INPUT 90073
RESULT 00055

(HIG56 =
00G55+90071

as5? =
000509-00056

N

-

G201

SUBROUTINE
INFUT 90093
RESULT 90085

21

\eX4%

=

02976

SUBROUT INE
INPUT G057
RESULT 901385

W

a (S

G2631

SUBROUT INE
INPUT OGGT7T
RESULT 90593

e Nw

-

G2001

SUBROUTINE
INFUT 9199
RESULT 94185
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PAGE 40

l 01510 ;

2T
— ety
[ BEGIN 00110 [}
28
06055 =
90032~90083
29
00056 =
OIS5430055
30
oos7 =
YINT2:056
31
a8 G2001
2
. SUBROUTINE
(8] INPUT 90081
1 ] RESULT 9Ga5
32
3 Ganv7e
9
. SUBROUT INE
] INPUT 00157
1 RESULT 9un9a
33
8 02076
9
. SUBRODUTINE
0 INPUT GLIOSG
RESULT 90139

-

34



0,

9
00a%9 =
00058400057
19
00aen =
0005500059
11
8 92001
2
. | swerourIne
a | 1neuT 90098
1 | resuct 900ss
12
a nzn7e
9
.| suerouTine
o | meut oooen
1 | RESULT 00570
13
a 02001
2
. | swroutine
0 | INeUT 9ut9
1 | resuCr s008s
14
a G276
5
. | sueroutine
0 INPUT 00060
1 | RESULT NOGT3
15
90009 = 00053 l
16

W

-y,

11401

SUBROUTINE
INPUT 0G0O0G
RESULT 00000

/_J_/

136

PAGE 49 CONTINUED

24

=, 0 ®

| oz07e

SUBROUTINE
INPUT 00057
RESULT 90985

v

Y]

02a31

SUBROUT INE
INPUT GO0OT3
RESULT 90099

G09 =
+HI+0GL




[

NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01409

!01511 ;

I
I
l.J.

N

(7]

o0057 =
00055400056

nons9 =
00053400057

3. N

02001

SUBROUT INE
INPUT 90031
RESULT 90085

0. 9

2076

SUBROUT INE
INPUT G059
RESULT 90093

o %

[

2676

SUBROUT INE
INPUT 00050
RESUWLT 90099

D N

02001

SUBROUTINE
INPUT 90078
RESULT 90085

02076

SUBROUTINE
INPUT 90096
RESULT 00040

N

[T

G001

SUBROUTINE
INFUT 90079
RESWLT 90035

O %

1T

Henre

SUBROUT INE
INPUT 90097
RESULT 94035

(S 3]

[

231

SUSROUT INE
INPUT 0O004G
RESULT 90035

[gte)

~N e

421465

SUBROUTINE
INPUT 91073
RESULT 40055
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PAGE 41

28

00035 =
00955 /257

02976

SUBRQUT INE
INPUT 00035
RESWLT 90093

G

~N e

02105

SUBROUT INE
INPUT 90073
RESULT Q0055

31
30055 =
O07T1 430055
32
M55 =
an051 -0na55
33
a9a55 =
OO TTHRINISS
34
a00a55 =
Q0550055
35
a9456 =
N TG4IOG TN
36
a0656 =
IO T2+00056

®



PAGE 41 CONTINUED

00055 =
90071 460055 37
nonss =
0055400056
19
nonss =
00051 -00055 3a
‘9 02105
a9
29 . SUBROUTINE
3 INPUT 90074
00055 = 7 ] RESWLT 00056
0005500055
39
21
a0057 =
0on0ss = 9007100056 i
FWTPOAIIISS ;
a0 .
22 i
000sa = 1
9 021065 IAT1HIN56 :
0
. SUBROUTINE
3 INPUT 90074
7 | rREsULT 10056 4
noass = _
a0051 -0o052 H
23 ]
00056 =
G711 :4HHI56 42
00056 =
OO TS ;
24 i
GOG56 =
G551 00056 43
a00538 =
0005600056
25
onasT =
971 9T 44
R(T) CuBED
I
26 ornse =
00056430058
0oais7 =
anGs51 -a0as7
a5
27 naGtsa =
9071 %9007
Gaas7 =
00560057
|/ 4
/-
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NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01400

~/

00058 =
00051 -00053

O

w3,

02196

SUBROUTINE
INPUT 00058
RESULT 00058

00056 =
OO056400058

00055 =
00055 /00056

no

[ xR

02001

SUBROUTINE
INPUT 90078
RESULT 90085

(X3

Y-

0a2a76

SUBROUTINE
INPUT DODST
RESULT 00040

N ®

e

02001

SUBROUTINE
INPUT 90073

RESULT 90085

tﬂlSZﬂ 7

12
P M
. BEGIN 00120 []
[ —— o
13
3 02001
2
. SUBROUTINE
4] INPUT 90098
1 RESUWLT 90085
14
a 02076
9
. SUBROUTINE
a INPUT 00050
1 RESULT -]
15
38 azare
9
. SUBROUTINE
] INPUT D0GS0
1 RESULT 90099
16
agane =
+OGOGO00G+GG
17
a0a03G = (90669 +
(OG906) )
18
Onn31 =
982 ~0nna 30
19
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PAGE 42

anGsG —9'358 3

27
o ]
BEGIN 00121 []
£
a 02001
2
. SUBRQUTINE
(2] INPUT 90093
1 RESULT 90085
29
8 0207vse
9
. SUBROUT INE
] INPUT 00050
1 RESULT 90098
30
8 02076
9
. SUBROUTINE
G INPUT 00050
1 RESULT 90099
31
agatie =
+10045G000+01
32
ao430g = (90Ue9 +
(OOU6) )
33
a063g =
9uUNRZ -OLL 30
34
B0G32

®



)
s 02076
®
. SUBROUTINE
o INPUT 90096
1 § RESULT 99085

9
8 02031
5
. SUBROUTINE
0 INPUT 00040
1 | RESULT 90085

) 10

8 a2076
9
. SUBROUTINE
o INPUT 00055
1 | RESULT 90099

20
: 02751
1
2 1 SUBROUTINE
o | 1neur o003z

Hl

COMPARE 00032
TO 7

21

00631 =
00031 200031

0631 =
0724131

N @

[P

G201

SUBROUTINE
INFUT 90081
RESUIA.T 9IRS

o0

- e

n2676

SUBROUTINE
INPUT 00031
RESULT 915938

26

140

PAGE 42 CONTIWED

38
1
! 02?51
2 1 susmouriee
5| 1veut ooo3z
7 | resw.t ooo32

11402

37

e NG

02001

SUBROUT INE
INPUT 90081
RESULT 90035

0. O

02076

SUBROUTINE
INPUT 00631
RESULT 90098

41




NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01400

101522 ;

1
— ] — —y
BEGIN 001 [
— oy — B
2
8 02001
2
. SUBROUTINE
2] INPUT 90098
1 RESUWL.T 90085
3
8 02076
9
. SUBROUT INE
0 INPUT 00050
1 RESULT 900193
a8 02nre
9
. SUBROUT INE
0 INPUT 001354
1 RESULT 99099

16
— =
] IN 00123 )
e e
17
8 02001
2
. SUBROUTINE
q INPUT 90093
1 } RESULT 90085
18
8 02076
9
. SUBROUTINE
a INPUT 00050
1 RESULT 90038
19
8 62078
=]
. SUBROUTINE
4] INPUT 006056
1 RESULT 901199

noone =
+20000000 +71

00030 = (90069 +

(MI0006))

00031 =
9n0a2-00a3a

o

26
0006 =
+3N000000+01
21
GOG3G = (90069 +
(I0068) )
22
aoa31 =
9n0a2-00030
23
a0032 = ’
NOn30-90033

141

ehee €3

e N

02001
SUBRCUT INE

INPUT 90093
RESWULT 90035

»Ge OO

02076
SUBROUT INE

INRUT 00050
RESUWLT 90093

02076
SUBROUTINE

INPUT O0050
RESULT 90099

anone =
+40000000+01

3%

a0u030 =

0U006) )

(90569 +

u6031 =
90082-450030

ano32 =
0003G-~-90083




: 02751

2 1 sueroutine
5 1 iweur ooo3e
1 | RESWT DOO32

COMPARE D0OO32
1O 00007

01402

11

00031 =
SOOT2: 131

02001

SUBROUTINE
INPUT 90081
RESWL.T 90085

» 0. N

02076

o %

SUBROUTINE
INPUT 00031
RESULT 90098

-

0031 =
00031560031

27

00031 =
GT2I0031

»Ge NWE

02001

SUBROUT INE
INPUT 90081
RESULT 90085

[

-

02076

SUBROUTINE
INPUT 00031
RESULT 90098

30

142

PAGE 43 CONTINUED

3
T
h 02731
2 1 susroutine
5 1 Ineut Doo32
1 | ResuT ooo32

COMPARE 00032
TO 00007

01402

41

gou31 =
00031400031

0031 =
SOOT2I0031

02001

N ®w

SUBROUTINE
INPUT 90081
RESW.T 90085

-

a20re

O %

SUBROUTINE
INPUT 00031
RESULT 9U093

P

45



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01400

o, No
3
S

ol

02076

oo

SUBROUTINE
INPUT 00050
RESULT 90098

S

02076

SUBROUTINE
INPUT 00050
RESULT 90099

» O 0@

+50000000+01

00030 = (90069 +
(C0006) )

a0031 =
9003200030

00032 =
00030-90083

ZDI 526 ;
16
— e b
. BEGIN DU126 [
B
17
o0006 =
+80000000+01
2]
8 G200
2
. SUBROUTINE
e INPUT 20098
1 RESULT 90085
19
&8 02076
9
. SUBROUTINE
g INPUT 00050
1 | RESULT 90098
20
a 020776
9
. SUBROUTINE
r INFUT 000654
1 RESULT 90099
21
a0a3g = (9uhe9 +
ML0N06)Y )
22
a6031 =
AMNGR2-0G0034
23
nhn32 =
0030-30083

143

PAGE 44

’ 01527 ;

pa— ——
] BEGIN 00127
e

31

32

00006 =
+ TGOGGGGG+O1

N %

S

az2001

SUBROUTINE
INPUT 90098
RESULT 90035

w X

.

az2are

SUBROUTINE
INPYT 00050
RESW.T 9U098

o %

=

G2076

SUBROUTINE
INPUT 13150
RESWLT 90099

38

000309 = (90069 +
(O0G06) )

004631 =
9U082-G449340

aua3e =
u0030-90083




T 9
: j{ 02751

2 SUBROUTINE

o | 1wur ooose

4 | REsuLT ooo32

COMPARE 00032
TO 00007

01402

11

00a31 =
00031 600031

12

00031 =
IOT2HIIL

13

02001

N

SUBROUTINE
INPUT 90031
RESULT 90085

G

14

azave

ox

SUBROUTINE
INPUT 00031
RESULT 940198

o

®
I 24

H 02751

2 | suBroUTINE
o | _Ineut ooo3e
1 | reswT o003z

COMPARE 00032
TO 00007

014062

26

27

0031 =
FOOT 2500031

28

02001

nNw

SUBROUTINE
INPUT 90081
RESULT 90085

=i

3 n2n7e
9

. SUBROUTINE
G INPUT 00031
1 RESULT 90098

144

PAGE 44 CONTINUED

®
T

39
T
H 02751
21 susroutine
5 1 Ineut oon32
? | reswt 00032

01402

COMPARE 00032
T 00007

41

00031 =
O0031 300031

00031 =
90072400031

»Oe N@

Q2001

SUBROUTINE
INPUT 90081
RESULT 90083

O ®

e

02076

SUBROUTINE
INPUT 00031
RESULT 90098

45



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS OIVI

K VALUE = 01400

t 01528 ;

BEGIN 00128

02001
SUBROUTINE
RESWALT 90085

N

§
:

02076

SUBROUTINE
INPUT 00050
RESULT 90098

0%

-

02076

oW

SUBROUT INE.
INFUT 00050
RESULT 90099

[ =1

aon30 = (9469 +
(G0006) )

a0o0a31 =
9un82 -a0G349

©°

aaa3e =
O001305-900873

=0y N

02001

SUBROUT INE
INPUT 90098
RESULT 90035

[7"3:4

e

2a7e

SUBROUTINE
INPUT 0650
RESWLT K98

O @

-

nenre

SUBROUTINE
INPUT GOGSL
RESULT 2799

21

aGG30 = (IUU6Y +

(GH008) )

GGn31 =
IIIS2 -GG

aonn32 =
TG -91083

145

PAGE 45

lOlSBD;

BEGIN 00130

31

32

o0006 =
+10000000+02

N

e

02001

SUBROUTINE
INPUT 90098
RESUL.T 90085

wx

-

n2aq7e

SUBROUTINE
INPUT 0UGS50
RESULT 90093

=0 O

n2a7e

SUBROUTINE
INPUT (0050
RESULT 90099

36

WHI30 = (IIG69 +
L0066y )

aaa31 =
MR2-00030

GO532 =
00635-90083




9
} 8
1, Auz'rsi
2 SUBROUTINE
a INPUT 00032
1 | RESWT 00032

01402

COMPARE 00032
TO 00007

11

00031 =
00031400031

00031 =
907231

»i0. N

02001

SUBROUTINE
INPUT 90081
RESULT 90085

([}

=1

2076

SUBROUT INE
INPUT 00031
RESULT 90093

24
T
Iy 02751 1
21 susroutine
5 | _Ineut 00032
7 | reswt ooo32

HIG!

1402

COMPARE 00032

TO GOOG7

26

00631 =
GOG31:00031

000631 =
T 24031

N X

-5

020001

SUBROUTINE
INPUT 90081
RESU.T 900685

[teRs7]

(5

G2676

SUBROUTINE
INPUT 00031
RESULT 901338

146

PAGE 45 CONTINUED

39
T
H 02751
2 1 susrOUTINE
5 | ineur ano32
1 | rReswr nan3e

01402

COMPARE 00032
TO 00007

41

aon31 =
COa31 400031

aanad1 =
HOOT24 131

N @

[ = 2

02001

SUBROUTINE
INPUT 90031
RESUL.T 90085

© %

=S

02676

SUBROUTINE
INPUT 09031
RESULT 90093

45



~—
L
[ S

NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIV

K VALUE = 01400
! 01531 ;

BEGIN 00131

hY)

o006 =
+11000000+02

w

n®

G

02001

SUBROUTINE
INPUT 90053
RESULT 90085

Qe W

" ngareé

SUBROUT INE
INPUT DOD50
RESULT 90093

“Q. O

02076

SUBROUT INE
INPUT DO050

RESULTY 90099

!01532 ?

g e )

BEGIN 00132

S e e

16

17

GO006 =
+12000600+02

‘G2t

N o

SUBROUT INE
INFUT 90098
RESWLT 90035

[T

02076

o

INE
INPUT 00050
RESWT 800938

e

G2u76

SUBROUTINE
INPUT 00056
RESULT 90099

¥ s

e

21

00030 = (90069 +

(00006) )-

00030 = (90069 +
C0aae) )

00031 =
90082-00039

00631 =
9Nna2-n0030

00032 =
DO030-90083

a0032 =

00030-90083

147

PAGE

01533

BEGIN 00133

48

N

32

00006 =
+13000000+02

82001

N %

SUBROUTINE
INPUT 90098
RESULT 90035

Y=

G2ave

%

SUBROUTINE
INPUT OOO50
RESULT 90098

=0,

da20re

- OX

SUBROUTINE
g INPUT 00050
1 RESULT 90099

36

00030 = (30069 +
wnnaey)

06031 =
aGhaz2-u0030

. Doo32 =
00030-90033




9
i 02751
[ = SUBROUTINE
E INPUT 00032
3 | REswLT ooo32

11

00031 =
0003100031

00031 =
SUOT2400031

w3 N®

02001

SUBROUTINE
INPUT 90081
RESW.T 90085

“wOe O®

02076

SUBROUTINE
INPUT 00031

RESUL.T 90098

24

N

a6

02751

SUBROUTINE
INPUT 00032
RESULT 00032

01402

00031 =
0003100031

00031 =
900720031

Y- Y'Y

G2001

SUBROUT INE
INPUT 90031
RESULT 90035

Qs O%

RESULT 90098

148

PAGE 46 CONTIMUED

N o
&
i

-

s O o
;
-
)

Hi
COMPARE 00032
TO 00007

LOVEQR
01402

41

00031 =
0003100031

00031 =
90072400031

02001

SUBROUTINE
INPUT 90081
RESULT 90085

=O. N

02076

SUBROUTINE
INPUT 00031
RESUL.T 90098

o®

e

45



[}
| S

NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01400

ch;',u?

BEGIN 00134

101535 ;

16
—

BEGIN 00135 []
—

17

gll

02

az001
SUBROUTINE
RESULT 90085

:
:

e N

T 020Mm

SUBROUTINE
INPUT 90098
RESULT 90085

02076

SUBROUTINE
INPUT 00050
RESULT 90098

“Se OO

a2a76e

SUBROUTINE
INPUT 00050
RESULT 90098

02076

SUBROUTINE
INPUT 00050
RESULT 90099

» O 00

02076

SUBROUT INE
INPUT 000505
RESULT 90099

21

00030 = (90069 +
C00063 )

0aa30 = (90069 +

(0066))

00031 =
90082000

aoa31 =
90032-00030

00032 =
00030-90083

agasz =
00030-90033

149

PAGE

/7

00008 =
+16000000+02

(1%

02001

SUBROUTINE
INPUT 90098
RESULT 90083

w9

02076

SUBROUTINE
INPUT DDOSO
RESWLT 90098

&

.

35

02078
SUBROUT INE

s 0w

1 | RESULT 90099

00030 = (90069 +

(000D6))

00031 =
90082-00030

ano32 =
00030-90083




9
HE ozrs1
2 SUBROUTINE -
) INPUT 00032
3 | REswLT DOO32

01402

11

00031 =
0003100031

ao031 =
0720031

02001

N®

© SUBROUTINE,
INPUT 90081
RESULT 90035

»O.

a2076

SUBROUTINE
INPUT 00031
RESULT 90098

©%

0.

24
' } | 02751
2 1 suBrouTINE
o | 1veut coose
2 | resuLT 00932

HI

01402

25

COMPARE 00032
TO 00007

00031 =
00031 00031

. DOo31 =
900720031

hVs

e

02001

SUBROUTINE
INPUT 900831
RESULT 390085

az2a7e

SUBROUTINE
INPUT 00031
RESULT 90938

150

PAGE 47 CONTINUED

3
H 02781
21 susmoutive
5 | ineur ooo32
7 | reswt ooo32
a0

COMPARE 00032
TO 00007

01402
41
00031 =
Q0031 ¥00031
42
00031 =
9007210031
43
a8 G200
2
. SUBROUT INE
0 INPUT 90081
1 RESULT 90085
44
38 02076
9
. SUBROUTINE
0 INPUT G0O031
1 RESULT 90098

st



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIV

K VALUE = 01400
101537 ;

-
BEGIN 00137 o
B

00006
+1 7000000

6“

2

»QO. N®

02001
SUBROUTINE
RESWLT 90085

oo

(o=

02076

SUBROUTINE
INPUT 00050
RESULT 90093

O O

02076
SUBROUTINE
INPUT D050

RESULT 90099

00030 = (90069 +

(OO006))

00031 =
90032-00039

00032 =
00030-90083

lﬂlSW;

~— '
BEGIN 00138 [

aouds =
+13000000+02

=15 NW

G20

SUBROUT INE
INPUT 900693
RESWL.T 90085

02076

SUBROUTINE
INPUT 00050
RESULT 900938

-1

(1

02076

SUBROUT INE
INPUT 00050
RESULT 90099

21

GOa30 = (90069 +

(O0006))

agass =
90032-00030

O0032 =
0a0a30-90083

151

[

PAGE 48

01539

B

31

—

00139 ]
Y

A
|

32

00006
+19000000+02

N

e

02001
SUBROQUT INE
RESULT 90045

a207re

SUBRQUTINE
INPUT 00050
RESU.T 90098

az207re

SUBROUTINE:
INPUT 00050
RESULT 90099

00030

(90069 +
(GD006) )

aga31 =
90082-00034

ana32 =
00030-90083




9
T
|1 ] oers |
2 SUBROUTINE
9 INPUT 00032
1 | ResuLT ooo32

COMPARE 00432
TO U6G0G7

01402
11
00031 =
0003100031
12
o031 =
SO072:400031
13
-] 02001
2
. SUBROUT INE
] INPUT 90081
1 RESULT 90035
14
-] 02076
9
. SUBROUTINE
a INPUT 00031
1 RESULT 9098

24

1] oersi ™ T
21 susrouTing
5 ] Ineut noo32
7 | resuLt 00032

COMPARE 00032
TO OOOGY

61402

26

00631 =
U531 2001531

00631 =
QT2:20031

112001

N %

SUBROUTINE
INFUT 90581
RESULT 90035

=T

29

gza7re

[alo ]

SUBROUTINE
INPUT G031
RESULT 90098

-

152

PAGE 48 CONTINUED

39
T
1 02731
2 SUBROUTINE
3 INPUT 00032
3 | REswLT DOO32

01402

COMPARE 00032
TO a0007

41

00031 =
0003100031

00031 =
900724431031

N

i

02001

SUBROUTINE
INPUT 30031
RESULT 90085

44
8 az2n7e
9
. SUBROUT INE
a] INPUT 00031
1 ]| RESULT 90098

45



—
[

NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01404

lﬂiﬁlﬂ?

BEGIN DD140

NG

02001
SUBROUTINE
RESULT 90085

:
i

w

»wQ. O

02076

SUBROUT INE
INPUT 00050
RESULT 90098

o®

O

02076

SUBROUTINE
INPUT 00050
RESULT 90099

0631 =
90082000

00032 =
00030-90083

18
I INOD14L
e ey —
19
8 02001
2
. | SUBROUTINE
o | Ineur sooss
1 | RESWLT 90085
_ 20
3 02076 '
9
. I suerouTINE
o | 1neur oooso
1 | RESULT 90098
21
a 02076
9
. | suerouTINE
a { ineur 00050
1 | RESULT 90099

aoo3n = (99069 +
(@0006

24
00031 =
99082-000
25
0a032 =
00030-90083

O,

153

PAGE

49

:
;

02076

SUBRQUTINE
INPUT 00030
RESULT 90098

ow

“.

02076

SUBROUTINE
INPUT 00050
RESULYT 90099

»O. O

+20000000+01

"

00039
(U00a6))

{90069 +

00031 =
99082-00030

00032 =

00D36-90083 -




H

2
o
1

027151

SUBROUTINE

INPUT 00032
RESULT 00032

COMPARE 00032
TO 000O7

01402

11

o032 =
00031 00031

a0031 =
0003200031

noo32 =
OOT2HANIT2

o031 =
0003200031

2001

SUBROUTINE
INPUT 90081
RESULT 90085

O 0w

02076

SUBROUTINE
INFUT 00031
RESULT 90038

0

. 1 26

T
[TT oerss |
121 swroutine
5 | _ineut ooos2
3 | RESULT 00032

HI
COMEARE O0L32
TO O0GG7

LO/EQR
n1402

28

a0G32 =
00031 00031

053
PHTT 239

gfg‘N
S
3
N

31

G0631

"y
rRt|

02001

N o

SUCROUT INE
INFUT 90081
RESULT 90035

- e

33

52076

SUBROUTINE
INPUT 00031
RESULT 90098

=T OB

154

PAGE 49 CONTINUED

43
: 0275

H 1

2 1 SuBROUTINE

s | ineur ooo3z

> | reEsuLT ooa32

01402

COMPARE 00032
TO 00007

45

aon31 =
GOO32:400031

aGG3z2 =
9UNT290572

43

G0G31 =
AUN324G031

e N W

G2001

SUBROUT INE
INPUT 900a1
RESULT 90085

54

G2ure

SUBROUTINE
INPUT 0GGO31
RESULT 99




NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 014545

Z 01543 7

“Ge N
3
S
g
g

020718

oo

SUBROUT INE
INPUT (10050
RESULT 90093

Ly =¥

2676

SUBROUTINE
INPUT O0K350
RESULT 900199

(7}

=)

o006 =
+30000000 +01

00030 = (90069
(3063 ¥

a0031 =
QLR2 -O0034

00032 =
00030 -90083

! 01544 ;

18
— . O
s BEGIN 0144 '
—e m— )
19
a 02001
2
. SUBROUTINE
G | ineur 90u9s
1 | RESWLT 9035
20
8 geare
9
. SUBROUTINE
‘ INPUT 00050
1 | RESULT 90098
21
a n2676
9
. SUBROUT INE
61 1IneuT 00050
1 | RESWULT 90093
22
o006 =
+AOOOO00+71
23
GOO3G = (G669 +
(OO066) )
24
06031 =
9O0B2-BON30
25
ez =
GOG36-960a3

155

PAGE 50

t‘JlSAS ;

35
P — s —— ——
[] BEGIN 00145 ]
[ Y— —— —— —r
36
] 02001
2
. SUBROUT INE
8] INPUT 90098
1 RESWLT 90085
37
3 a2a76
9
. SUBROUT INE
] INPUT (U050
1 RESULT 90093
33
a a2are
93
. SUBROUTINE
C INPUT 00650
1 RESULT 9099
39
G0006 =
+50000000 +5,
40
00635 = (37069 +
100nne)Y)
41
ono31 =
a2 -Gou3n
42
o063z =
00u36-30083




; 02751

2 1 suerouTINE
¢ | 1neut o032
1 | resw.r o032

01402

11

00032 =
00031200031

00031 =
0003200031

00032 =
OT2490072

00031 =
0003200031

N %

Y= r)

2001

SUBROUTINE
INFUT 90481
RESULT 90035

0w

T

12576

SUBROUTINE
INFUT 00031
RESULT 90093

{ 02751

21 suBrouTINE
é INPUT 00032
1 | REswT 00032

44

COMPARE 00032
TO 00067

01492

28

00032 =
00031 200031

00031 =
0003200031

00a32 =
007290072

0631 =
OUG32:400031

hentt

N %

SUBROUTINE
INPUT 90031
RESULT 90035

=Y

2 G2a76

. SUBROUTINE
5 INPUT 40031
1 RESULT 9009’

34

156

PAGE 50 CONTINUVED

a3
l -
. 02151
2 | SuBROUTINE
o | ineur o032
{ | RESWLT 00032

0140

COMPARE 000132
TO 00007

2

45

00032 =
0031 200031

00031 =
000324400031

aag32 =
SOO72x900T2

00031 =
Q00322430031

N

(T

02001

SUBROUTINE
INPUT 900Ga1
RESUL.T 90985

oo |

- e

02976

SUBROUTINE
INPUT 00031
RESULT 90098




K VALUE = 01400

l 01546 ;

—y
BEGIN 00146 [}
b

+60800000+01

o006 =

N ®

-

02001
SUBROUTINE
RESULT 90085

o®

- e

02076

SUBROUTINE
INPUT 00050
RESULT 90038

oo

D

02076

SUBROUTINE
INPUT 00050
RESULT 90099

00030

(90069 +
(00006) )

9008200030

00031 =

000
00030-90083

32 =

NASA-GSFC MISSION AND TRAJECTCRY ANALYSIS DIVI

01547

]

e
] IN 00147
S

18

19

02001

SUBROUTINE
INPUT 90098
RESULT 90085

N

e

21

02076
. SUBROUTINE

g INPUT 00050

1 RESULT 90098

az2a76

SUBROUTINE
INPUT 00050
RESULT 90099

e O

23

00030 = (90069
(©C0006))

+

24

ana3g =
90082-00030

L0032 =
00030-90083

157

PAGE 31 .

1]

» e

»Os O

02076

SUBROUTINE
INPUT 00050
RESULT 90098

= OW

02076

" SUBROUTINE
INPUT 00050
RESULT 90099

40

a0g3a = (90069 +

(00Q06))

41

a0031 =
90032-00030

an03z2 =
00030-904G33




H1

01402

COMPARE 00032
o0aa7

TO

9
: ozr
: 51
2 SUBROUT INE
g’ INPUT 00032
1 | REsw.T 00032
10

11

o032 =
Q003100031

00031 =
00032300031

00032 =
T2

00031 =
00032200031

N

w3

az001

SUBROUTINE
INPUT 90081
RESULT 90085

G v

02076

SUBROUTINE
INPUT 00031
RESULT 90098

2
26
: 02751 -
12 ] susrourine
o | eyt ouo32
| result goo32

HIG

COMPARE D0G32
o GOOG7

LO7EQ

71402

28

0632 =
00531400031

0031 =
325000631

aon32 =
72430072

ao031 =
OOO32430031

a2a01

N

SUBROUT INE
INPUT 90031
RESULT 90085

(S =1

az07e

SUBROUTINE
INPUT 00031
RESULT 90093

o

[S R =Y
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PAGE 51 CONTINUED

T ) a3

: 02731

21 susrOUTINE
s | iweut ooo32
7 | reswt ooo32

COMPARE 00032
O 80007

45

a0a3e =
BOO31 400031

ao031 =
0032400031

0032 =
S00T2%90072

00031 =
0003200031

“SGe N

02001

SUBROUT INE
INPUT 90031
RESULT 90035

50

O O®

02076

SUBROUTINE
INPUT 00032
RESULT 90098

51



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

l 01549 ;

BEGIN 00149

K VALUE = 01400

62001
" SUBROUTINE
RESULT 90085

:
i

L1

:
8
2

02076

SUBROUTINE
INPUT 00050
RESULT 90099

o®

» O

00030 = (90069 +
(00006 )

00031 =
90082-00030

ooa3z2 =
00030-90083

18
— ——_
BEGIN 00150 '
e e, —— o—f
19
00006 =
+10000000+02
20
a 2001
2
. SUBROUTINE
q INPUT 90098
1 | rRESULT 90035
21
a ozaTe
9
. SUBROUTINE
g INPUT D050
1 | rEswT 90098
22
8 2076 '
9
. SUBROUTINE
o INPUT 00050
1 | reswT 90099
23
o030 = (90069 +
(O0006))
24
ann3g =
90082-00030
» 25
90032 =
nno3n-90na3

159

PAGE 32

36

O N

02001

SUBROUT INE
INPUT 90098
RESULT 90085

w»ide O

02078

SUBROUTINE
INPUT 00050
RESULT 90098

39

(o 3

-0

02078

SUBROUT INE
INPUT 00050
‘RESULT 90099

40

00030 = (90069 +

(00G06) )

41

00031 =
90082-00030

a0032 =
00030-90083




9
i p2781
2 1 susroutiNg
o | ineur ooose
7 | resuwT ooo3z

01402

COMPARE 00032
TO 00007

11

a0a32 =
00031 400031

00031 =
00032500031

onn31 =
OO032:400034

N

- 0.

02001

SUBROQUT INE
INPUT 90031
RESULT 90085

n2076

SUBROUTINE
INFUT N00G31
RESULT 9U593

26
¢ 02751

1

21 SuBRUTINE

5 INFUT 00632

7 | resuT 0oo32

HI
COMPARE 00032
TQ OOOG?

01402

28

00632 =
GOC31 400031

a0g32 =
HIAT2:90GT2

31

20061

™ D

SUBRQUTINE
INPUT 90031
RESULT 90085

-

2 G2076

SUBROUTINE
INFUT L10G31
RESULT 90033

[ =Y

34
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PAGE 52 CONTINUED

O]

[ .
! “027s1
2 1 SuBrROUTINE
5 | _Iweur aco32
Y | reswt ooo32

COMPARE 00032
1O oouaT

01402

45

o0a32 =
000314006031

o3 =
00032200031

0032 =
9ONT2x90072

>

00031 =
0003200031

49

02001

N %

SUBROUTINE
INPUT 90081
RESULT 90085

=k}

50

a207e

. SUBROUTINE
a INPUT 00031
1 RESULT- 90098

51
EXIT



NASA-GSFC MISSION AND "TRAJECTORY ANALYSIS DIVI

X VALUE = 01400

! 01552 ;

. - 02001

SUBROUTINE
INPUT 90098
‘RESULT 90035

nNo

-G

02076

o %N

SUBROUT INE
INPUT 00050
RESUW.T 90098

-

a207e

SUBROUTINE
INPUT 00050
RESULT 30099

O %

-G

aon30 = (90069 +
(O00086) )

00031 =
90082-000339

ana32 =
000303-90033

! 01553 ;

19

e

gz2001

SUBROUTINE
INPUT 90093
RESULT 99035

nN®%

02076

SUBROUTINE
INPUT 0050
RESULT 90198

(/)=

[ =)

62076

SUBROUTINE
g | InNeUT 00055
1 | rESLLT 9ao99

23

aou30 = (9469 +

24

06031 =
AMng2-00au30

o603z =
GO0 30-90083

161

— ——— Y —
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PAGE

! 01554 ;

BEGIN 00154

53

35

——y
:
s

36

00006 =
+14500000+02

g2001

N

SUBROUTINE
INPUT 90093
RESWULT 9u085

e

02076

SUBROUTINE
INPUT 00650
RESULT 90098

D O

g2a7e

L

SUBROUTINE
INPUT 00050
RESULT 906099

e

40

ana30 = (90669 +

(GO0G6) )

41

GO631 =
SLA2-00030

42

anul2 =
O0030-90433




e Nea

Y oaz7sy

SUBROUT INE
INFUT OOG32
RESULT 10032

COMPARE 100132
TO 00007

11

o032 =
00031 30031

s
N

31 =
- 00032430031

e

00032 =
NT24900372

0031 =
0003200031

N

e

G2001

SUBROUTINE
INPUT 900531
RESULT 90035

O ®

Y

02076

SUBROUTINE
INPUT 0731
RESULT 90093

26
-
[TT  oerss |
2 1 sueroutine
5 | ineur oooze
2 | resut oon32
27

HI : :
COMPARE. 10032
TO GOOGT

1462

28

o632 =
. GOG31 AG0031

29

06631 =
OrHG32400031

a0032 =
OT2:IT2

31

00031 =
GOG32400031

32

02001

N %

SUBROUT INE
INFUT 90081
RESULT 30035

-1

33

02076

O %

SUBROUTINE
INPUT 000631
RESULT 90093

=
jwi)

-
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PAGE 53 CONTINUED

[ oers

2 1 SUBROUTINE
- INPUT D032
1 | rREswT oon32

HI
COMPARE 01IG32
T 00007

014062

45

0ooa3e2 =
a0a31 2006031

0aa31 =
00032400031

00032 =
UOT249000T2

48

ga0a31 =
003240131

49

g2001

N

SUBROUTINE
INPUT 90081
RESWLT 90035

=

590

a2076

o ®

SUBROUTINE
INPUT 00031
RESULT 90093

-3




NASA-GSTC MISSION ANC TRAJECTORY ANALYSIS DIVl

K VALUE = 51450

N

ol

nN®

-

g2001

SUBROUT INE
INPUT 90093
RESULT 90035

02076

SUBROUTINE
INPUT 00050
RESULT 90098

w0 O

gzare

SUBROUTINE
INPUT 00050
RESULT 90099

o030 = (9069 +

(O06) )

—

a0a31 =
90naz-00030

00032 =
00030-9008%

00006 =
+16000000+02

02001

N @

SUBROUTINE
INPUT 900698
RESULT 90035

- T

21

02076

0w

SUBRCUTINE
INPUT D050
RESULT 90093

=T

G2076

(73]

SUBROUT INE
INPUT G055
RESULT 90099

-

23

= (90669 +

24

00031 =
o0a82-G0G30

0a032 =
90030-91083
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PAGE S4 -

! 01557 ;

35
——— S —
BEGIN 00157 1]

o

36

00006 =
+17000G0G+02

02001

SUBRQUTINE
INFUT 90098
RESWALT 900as

N X

[ =

33

a207e

%

SUBROUT INE
INPUT 00050
RESULY 90093

[l =Y

39

02076

0 x

SUBROUT INE
INPUT 10055
RESULT 90099

e

v

40

O0G30 = (90069
@OaGe) )

41

0031 =
G0R2-0G0130

42

annsg =
00030-30083




A 9
T .
} 02751 |
2 | sweroutine
5 | _Ineut D0O32
? | mesuLt ooo32

01402

11

o322 =
00031200031

00031 =
non32:00031

13

0031 =
a0a32:400031

N %

e

G201

SUBROUTINE
INPUT 90081
RESULT 90085

-
[0l

» Q0. O

02676

SUBROUTINE
INPUT 00131
RESULT 90433

26
1 oers '
21 susroutine
5 | Ineur ooo32
7 | Reswr o003z

HI
COMPARE 00032
TO GOOGT

1402

23

. 0o632 =
00031300031

00031 =
0003200031

Gan32 =
AGT2400G72

31

Gon31 =
0G32:00031

APyt

N W

SUBRIUTINE
INPUT 3681
RESULT 90035

i~
i

oY

[ 2 02076

SUBROUTINE
0 INPUT 000631
1 RESWLT 90093
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PAGE 54 CONTINUED

T o

H 02751

2 | SuBROUTINE
o | _Ineur oco32
7 | resw.y ooo32

HI
COMPARE 00032
TO DOOOT

01402

435

ooo32 =
00031200031

a0a31 =
0003200031

47

o032 =
UGT2490072

43

00031 =
00032410031

02001

n @

SUBROUTINE
INPUT 90034
RESULT 906035

v i

50

azare

o

SUBROUTINE
INPUT 00031
RESULT 90098

e




NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01400

{ 01558 ;

» Q. N

02001

SUBROUTINE
INPUT 900198
RESWLT 90085

»5e OO

02076

| SUBROUTINE
INPUT DO050
RESULT 90098

oD

(e

02076

SUBROUT INE
INPUT 00050
RESULT 90199

a0030 = (9U069 +

O00ae) )

00031 =
90082-00030

©%

ann3z =
0030919383

!'31559 ;

18

e | iy
BEGIN 00159 ]
— ol

19

00006 =
+19000000+02

02001

SUBROUTINE
INPUT 90098
RESULT 900835

21

Cie O

(S

n2o7e

SUBROUTINE

22

Om

=

624076

SUBROUTINE
INPUT 00050
RESWLT 90099

23

00030 = (90069 +

(CGU06) )

24

aG631 =
0Ba2-00035

32 =
HOG30-90533
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PAGE 55

36
' STORE OUT F’A_R;TIAL '
R BAR/ X T4
37
a8 02a01
2
‘ SUBROUT INE
4 INPUT DO0A0
1 RESWL T 90098
38
' AND gARTIAL R DOT '
AR/ X T4
39
8 02001
2
. SUBROUTINE
1} INPUT 00083
1 RESWULT 90099
49
— — e
' c WHICH WERE \
OMPUTED BY MC
i BY MCOL
41
EXIT



1
9
H 02751
2 1 suBROUTINE
o | 1veur 00032
? | resuy ooo32

01402

11

00032 =
00031 00031

00031 =
0003260031

o032 =
NT2430072

14

00031 =
00032400031

02001

SLBR'OUTIM
INPUT 90081
RESW.T 90085

0T

e

02076

SUBROUTINE
INFUT 00031
RESULT 90093

EXIT

PAGE 33 CONTINUED

26
: g2?
. 2751
21 sueroutine
g | _Ineur ooo32
7 | REsuLT 00032

COMPARE 00G32
TO GOOGT

01402

28

G0G31 =
OO032:00031

00032 =
72430072

31

00031 =
GOG32:000731

N %

-5

G2001

SUBROUT INE
INPUT 90031
RESULT 90085

o

-

G207e

SUBROUTINE
INPUT 00031
RESULT 90093




M;A-GS"C MISSION AND TRAJECTORY ANALYSIS DIVI PAGE. . %6
K VALUE = 01400

2
' STORE OUT FAITQTIAL '
R BAR/ X 75
— e e
3
a 02001
2
. SUBROUTINE
a INPUT 00026
1 RESULT 90098

1

l

I
Ja

>
A
N -
5
x
£
oA
g
-

[
|$2
I
L

o

a2001

<N

SUBROUTINE
g INFUT DO0089
RESULT 90099

=

6

! WHICH WERE i
. . COMPUTED BY MCOI

EXIT
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NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE S A
WMISCELLANEOUS STATEMENTS '
K VALUE = 01400

Q000900252 Jy NO. OF UNKNOWN

Q9006802751 ABSOLUTE VALUE FUNCTION

Q9006901130 FIRST LOC. (}' T, "S; TIMES OF DRA
Q9007001101 A, SEMI-MAJOR AXIS AT T(D)
Q@9007191102 ECCENTRICITY AT T(DO)

9007201119 N, MEAN MOTIONM AT T()

@90ar3n1120 ECCENTRIC ANOMALY AT T(D)
Q9007400240 ECCE}ITRIC ANOMALY AT T

Q9007500222 ALPHA BAR

QR0D7600225 BETA BAR

Q9007700228 GAMMA BAR

Q007800231 P BAR

Q9007900234 @ BAR

QION’OOO237 R BAR (COMPUTED BY POS. IN ELLIPSE)
Q2008100241 R DOT BAR (QOMPUTED BY £0S.IN ELLIPS
Q9008200200 T, OBSERVATION TIME IN C.U.T.
QROOOIII 100 T, EPOCH TIME IN C.U.T.
9008400210 MAG.OF R BAR (CQCOMPUTED BY POS.IN E.)
Q9008502085 va

Q90086012001 VECTOR MOVE

@9008702076 SCALAR MULTIPLY

Q9003802041 VECTOR SUBTRACT

Q90039012031 VECTOR ADD

Q9009902061 CROSS PRODUCT

Q9009102271 PRINCIPAL VALUE

@9009202196 SQUARE ROOT

Q9n9302101 SINE

Q9009402105 COSINE

Q9009503852 MU

Q9009600201 s (M

Q909700202 c M

Q9009800380 PARTIAL R BAR 7 X J

@90099003383 PARTIAL R DOT BAR 7 X J
va0092+74000000+02

VON050+00000000+00

va9051 +10000000+01

v00052+20000000+01

vO0053 +30000000+01

V00054 +50000000+00

168



CROSS=REFERENCE LISTING PAGE 5A CONTINUED

PAGE BOX LABEL REFERENGCE
34,01 01401 13.07% 38.04% 38.10% 38.22x 39.04% 39.13%x 39.25%
40.04% 40.16x  67.05%

34.08 11479 34,05
34.10 01501

35.01 01502

36.01 01503

37.17 01504

37.23 01505

37.29 a1506

38.0M 01507

39.01 01508

4n.01 01509

40,27 01510

a1.01 01511

41.11 01519

az.12 11520

a2.27 01521

43.01 01522

43.16 11523

43,31 01524

44,01 0525

43.16 01526

44,31 01527

45.m 01528

45.16 01529

45,31 01530

46.01 0153t

46.16 01532

46.31 01533

47.m 01534

47.16 01535

47.31 1536

48.01 01537

48.16 01538

48.31 01539

49.01 01540

49.18 01541

49.35 01542
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fASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI " PAGE 5A CONTINUED .
CROSS-REFERENCE LISTING

PAGE BOX LABEL REFERENCES
50.01 01543
50.18 01544
50.35 01545
51,01 01546
51.18 01547
51.35 01548
52.01 01549
52,18 01550
52.35 01551
53.01 91552
53.18 01553
53,35 01554
54,01 01555
54.18 01556
54.35 01557
55,01 01558
55,18 01559
55.35 01494
56,01 01495
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OP (OBSERVATION PARTIALS)

NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01600

l 01601 ;

13.09
1
e
[] BEGIN 00001 ]
— y a—— )
2
8 02001
r
. SUBROUTINE
o INPUT 90066
1 | RESULT 90085
3
-4 02041
)
. SUBROUTINE
0 INPUT 90063
1 RESULT 90064
4
8 ‘02021
4
. SUBROUTINE
0 INPUT 90064
1 RESULT 90090
5
8 02001
2 .
B SUBROUT INE
o INPUT 90067
1 RESULT 90085
6
a 02041
[
o SUBROQUTINE
1} INPUT 90069
) RESWLT 90065

——
..
[ N

01669

15
8 02076
9
. SUBROUTINE
g INPUT 00055
1 RESULT 90092
16
3 02001
2
. SUBROUTINE
] INPUT 90091
1 RESULT 90035

BEGIN 00069

ooG10 = (OO0 +
90G7T )

016103

171

EQuAL

20
& 02001
2
. SUBROUTINE
] INPUT 900673
1 RESWLT 00035
! 21
e e ey
) AND Gi BAR []
G e |

PAGE 57

| OBS. = THETA 2

01668, 23
— —— oy
» BEGIN 0063 ]
—— ——
24
— o —
] USE G2 BAR ]
| S — —— — P—1
25
a8 O2601
2
. SUBROUTINE
a INPUT 20072
1 RESULT 0GO3S

01629




| v
P 02001
2 ,
. | sueroutine
0 1 INPUT 90090
1 | resut 90085 ]
8
s D20s1
. SUBROUT INE
o { 1nPUT 90065
1 | reEsulT 90096
b=
8 02011
3
. | susroutine
o INPUT 90064
1 | rResuLT 90004
10
8 g2001
2
. SUBROUTINE
2] INPUT 90090
1 RESULT 90085
11
8 02076
9
. SUBROUTINE
2} INPUT 90096
1 | reswt 00032
12
8 02001
2 .
. SUBROUTINE.
g INPUT 90065
1 RESULT 90085
13
8 02041
[
- SUBROUTINE
o | ineut 00032
1 RESWLT 90035
14
00055 =
00051790094
Yo
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PAGE BY CONTINVED

“-Q3e r\mﬂ )
-—

02001

SUBROUTINE .
INPUT 90071
RESULT 00041

01628



NASA-GSFC MISSION ANDC TRAJECTORY ANALYSIS DIVI

K VALUE = 01600

1
—  — —
BEGIN 00011 s
— y — )
2
8 2001
2
. SUBROUTINE
(o] INPUT 900380
1 RESWULT 90085
3
8 02051
14
. SUBROUTINE
a INPUT 90091
1 RESULT 90099
4
01612
5
— = e ey
BEGIN 00012 []
b e | e e
6
8 02a9tm
2
. SUBROUT INE
o INPUT 90071
1 RESULT 00035

60,10

01627

lﬂ!ﬁiA ;

PAGE S8

9 17
— . — — = b e
] BEGIN 00014 ] ] IN 00017 ]
—— i G o oo
10 ia
8 02001 8 02001
2 2
. SUBROUT INE o SUBROUT INE
a INPUT 90072 1] INPUT 90077
1 RESWLT 00635 1 RESULT 00035
11
a az2001
2
. SUBROUTINE
s} INPUT 90071
1 RESW.T 00041 01629
01628
! 01618 ;
19
— ) —
[] BEGIN 00018 [
l 11615 ? 20
8 02001
2
12 . SUBROUTINE
T o ooors ) 1 | reswr aaoss
LIl
EGIN DhOY 1 RESULT 10035
13 21
8 Gean1 3 02001
2 2
. SUBROUTINE . SUBR!
[a} INPUT 90073 a INPU?;&’JEZ
1 RESULT 00035 1 RESULT 90085
22
] 02041
[)
. SUBROUTINE
1] INPUT 90071
01629 1 RESULT 00041
01623
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B
H

B

01613

00013

“»wge N

02001

SUBROQUT INE
INPUT 90072
RESWLT 00035

01627

174

PAGE 38 CONTIMUED:

N®

-5

02001

SUBROUTINE
INPUT 90075
RESULT 00035

02001

SUBROUTINE
INPUT 90076
RESULT 00041

=0 N

niez28



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01600

N

n®

-G

[*]

~®

"o

02051
SUBROUTINE
RESWLY 00053

» Q. N

02001
SUBROUT INE
RESULT 90085

»o.

~w |,

g2051

SUBROUTINE
INPUT 90091
RESULT DO056

90099 =
00055+00056

M~RATE
!01621 ;
11
g e § e ey
[l BEGIN 00021 [
e e | e o
12
8 02001
2
. SUBROUTINE
a INPUT 30072
1 RESW.T 00035
13
3 O2001
2
. SUBROUT INE
G INPUT 90079
1 RESULT 00033
01630

175

PAGE 39

19
P R e
] BEGIN 00023 []
20
[ EL-RATE [
21
8 02001
2
. SUBROUTINE
o INPUT 90073
1 RESULT 00035
22
8 2001
2
. SUBROUTINE
0 - INPUT 90080
1 RESULT 00033
01631



L-RATE

!01629 ;

BEGIN 00020

»Qs NO

. 02001

SUBROUTINE
INPUT 90071
RESULT 00035

nN®

Qe

02001

SUBROUTINE
INPUT 90078
RESW.T 90033

01630

A2-RATE

!‘31622 ;

BEGIN ON022

14

15

=0 D

02001

SUBROUTINE
INPUT 90072
RESULT 00035

= O N

02001

SUBROUTINE
INPUT 90071
RESULT 00G41

N x

O

02001

SUBROUTINE
INPUT 90079
RESULT 10033

13

N

e

Genot

SUBROUTINE
INPUT 90073
RESULT L0044

01663

176

-PAGE 59 CONTINUED

R.A.-RATE

! 01624 ;

BEGIN 00024

O NP

1 oeom

SUBROUTINE
INPUT 90075
RESULT 000335

e NG

Q2001

SUBROUTINE
INPUT 90076
RESULT DO041

N

-0

az20m

SUBROUT INE
INPUT 90082
RESULT 00033

N o

-G

02001

SUBROUTINE
INPUT 90083
RESULT 00044

01685



HASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVl

K VALLE = 01600

DEC. RATE

01625

i

BEGIN

H

L]

N

X=X

ne

02001

SUBROUTINE
INPUT 90077
RESWL.T 00035

(*)

n®

Y1

02001

SUBROUTINE
INPUT 90084
RESULT 00038

01631

58 .06 =i~y

! D1627 ’

BEGIN 00027

10

11

e N

12

~®

A=}

02051

SUBROUTINE
INPUT 90091
RESULY 004655

»we O0

02076

SUBROUTINE
INPUT 00055
RESUWLT 00632

Nw

[

G2ni1

SUBROUT INE
INPUT 90091
RESUL.T 90035

L X ]

-

jar.als)

SUBROUTINE
INPUT 00032
RESULT 90085

G0056 =
08051 /90094

L

O)

177

1

N

-

g2001

SUBROUT INE
INPUT 90490
RESULT 90083

~@

e

02051

SUBROUTINE
INPUT GOO35
RESWLT 00047

~G

(3.

02051

SUBROUT INE
INPUT 00041
RESULY 00048

24
8 G2001
2
. SUBROUTINE
] INPUT 90090
1 RESWLT 90085
25
X:) 02051
7
. SUBROUTINE
0 INPUT 90091
1 RESULT 00049
26
a g2a7e
9
. SUBROUTINE
L] INPUT 00049
1 RESULT 00032




LHA-RATE

!01626 ;

BEGIN 00026

s 02078
s

. | SUBROUTINE

0 | 1neuT 000356

1 | REswT 90085

18

8 02051

4

. SUBROUT INE

o | 1weut 00035

1 RESULT 90099

PAGE €0 CONTINUED

1

s NG

02001
SUBROUTINE

INPUT 90091
RESULT 80085

e 02001

2

. | SUBROUTINE

0 | Ineut 90074

1 ] RESWLT DOO35

8 02001

2

. | swrourine

o | 1nruT 90081

1 | resuLT DOO38

8 02001

2

. | SUBROUTINE

0 | 1neyT soos2

1 § RESULT 90085

a n2041

6

. | sweroutine

0 | INPUT 90071

1 | RESW.T D0041

8 02041

€

. | susrROUTINE

0 | weur ooo7s

1 | RESULT 00044
01660

178

O 0@

02041

SUBROUTINE
INPUT 00032
RESULT 90033

00056 =
00051 790094

0. 0w

p207e
SUBROUTINE
INPUT DOO58
RESULT 90085

-~ %

[ =Y

02054

SUBROUT INE
INPUT 00035

RESULT 00053

32

~N®

(Sl = T

02051

SUBROUT INE
INPUT 00041
RESULT 00054
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4 {m 7
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57 .25 ot
1 7
— ey
00057 = ‘ BEGIN DOOZ29 ’
00G58-00053 b e ) e el
8
2
8 02001
00055 = 2
aD04TH0004T . SUBROUTINE
a INPUT 90090
1 RESULT 90085
3
00056 = 1 9
00048
g 02051
. SUBROUTINE
4 g INPUT 00035
1 | RESWLT 00047
o0ns8 =
o0055+000!
10
] g 02051
90099 = o SUBROUT INE
00057 /00058 1] INPUT 90091
1 RESULT 00049
6 11
EXIT 8 020716
9
. SUBROUTINE
0 INPUT 00049
1 RESULT DO032
12
8 02004
2
. SUBROUTINE
g INPUT 90091
1 ] RESULT 90085
13
8 02041
[
. SUBROUTINE
s} INPUT 00032
1 RESULT 90085
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59 . 10 wmeied

101630 ;

BEGIN 00030
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» e
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SUBROUT INE
INPUT 90090
RESULT 90085

= O N

02051
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INPUT 90091
RESULT 00049

azare

SUBROUTINE
INPUT 00049
RESULT 00053

WO NG

020061

SUBROUTINE
INPUT 90091
RESULT 900as

» O OW

02041

SUBROUTINE
INPUT 00053
RESULT 90085
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00051 /90094
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00056 =
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INPUT 00056
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INPUT 00035
RESULT 00053

055 =
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e
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SUBROUTINE
INPUT 00056
RESULT 00057
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INPUT 00056
RESULT 00085

31
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o w
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az2076

SUBROUTINE
INPUT 90096
RESULT ‘00057
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SUBROUTINE
INPUT 90065
RESULT 90085

e OO

02041

SUBROUTINE
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00061 =
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00061 =
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X =T
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SUBROUTINE
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O

0z051

SUBROUT INE
INPUT 00065
RESWL.T 00062
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00082+00061
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15
00055 =
000151 790094
16
8 02076
9
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1 RESULT 90085
17
' gARTIAL CFARHD '
AR DOT STAR
| i i |
i3
] n2041
6
. SUBROUT INE
G INPUT 00057
1 RESWLT 90063
19
a 02001
2
. SUBROUT INE
5] INPUT 00065
1 RESWLT 90035
20
8 02051
7
. SUBROUTINE
g INPUT 00G3a
1 RESULT 00032
21
8 02004
2
. SUBROUT INE
a INPUT 90063
1 RESW.T 90085
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59 .22 —mio~—]

= o
] BEGIN 00031 [
Cme s —

a 02001
2
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1 RESUWL.T 90035
27
8 02051
7
. SUBROUT INE
] INPUT 90091
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28
3 02076
9
. SUBROUT1
g INPUT OUG49
1 RESWLT 00053
29
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e
. SUBROUTINE
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3 02041
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9
8 02078
9
. SUBROUTINE
0 INPUT 90096
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8 02001
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1 RESULT 90085
11
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9
. SUBROUTINE
o INPUT 00061
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8 02001
2
. SUBROUTINE
o INPUT 90093
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13
-] 02041
6
. SUBROUTINE
0 INPUT 00054
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8 D2041
6
. SUBROUTINE
[+] INPUT 00032
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SUBROUTINE
INPUT 000335
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RESULT 00057
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INPUT 90065
RESULT 90035
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INPUT 00065
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00055 =
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1 | RESWLT 90085
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. SUBROUT INE
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= e e
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. SUBROUTINE
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02001

SUBROUTINE
INPUT 90092
RESUW.T 90083

N

e

02051

SUBROUT INE
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SUBROUTINE
INPUT 00057
RESULT 00058

»Se AP

37

(1 -6 (K) %%2) %x3 /2
)

a0as? =
0005 7x00058

O,




®
!’ ~ pzoot
.1 suBrOUTINE
o | 1mpur DoDSS
1 | RESULT 90085
9
8 02076
9
. | susrouTINE
o | 1neuT 90096
1 { RESWULT.00032
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00055 =
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SUBROUTINE
INPUT D0044
RESULT 00063

!

0. N

02001
SUBROUTINE
RESULT 90083

~®

L3~ 7}

. 02051
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- 00064 =
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Q9008700241
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Q9006900313
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Q9007300322
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Q9007500328
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@9008300352
Q9008400355
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Q9008802076
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VDO052+20000000+01

PARTIAL OF (RHO DOT BAR)#/XJ
RHO BAR '

RHO DOT BAR ‘

R BAR,SAT.POS.VECTOR (FROM PE)

R DOT BAR,SAT.VEL .VECTOR (FROM PE)
CAF R BAR,STATION POSITION VECTOR
CAP R DOT BAR,STATION VELOCITY VECTO
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BAR
BAR
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@O eSO @

BAR
DOT BAR
DOT BAR
DOT BAR

DOT BAR
m’lf BAR
DOT BAR

L - T S S S S
~N O AR b VN N B R E WU N e

<
-]

VECTOR MOVE
DOT PRODUCT
SCALAR-VECTOR MULTIPLY
VEGTOR SUBTRACT

(RHO BAR) %

PARTIAL OF R BAR / XJ
(RHO DOT BAR) %

PARTIAL OF R DOT BAR 7/ XJ
RHO

SQUARE ROOT

O 00T

VECTOR DIRECTION

VECTOR MAGNITUDE
PARTIAL OF OBS. 7/ XJ
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57.01
57.23
57.26
568.01
58.08%
58.07
58.0%
58.12
58.14
58.17
58.19
59.01
59.08
59.11
59.14
59.19
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€0.10
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62.25
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CROSS-REFERENCE LISTING
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01602
01668
01669

01618

01642 |

01613
0i6i4
01615
01616

01617

01618
01619
oie20
01621
oi1ez2
01623
01624
01625
401626
o1e27
01628
01629
01630
01631
d1ssn

REFERENCES

13.09%

57.18

57.18

58.06 58.08
57.22 58,11
57.25 58.13
59.10 59.13
59.22 €0.03
59.18 59.27
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K VALUE = 01790

€C (CONVERT CORRECTIONS)

lDl?ﬂi ;

14.21
1
g e | oy
¢ BEGIN 00001 []
T
2

8
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5
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opoos =
00005 +00071
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L. Nl
7

v COMPARE. 00084
. TO 00005

,__/
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{ 90079 = ooom J
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22
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" SUBRQUTINE
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g 02076
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25
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26
1
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3
. SUBROUTINE
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®
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SUBROUTINE
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SUBROUTINE
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00071 -00086

44

02196

SUBROUTINE
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L
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“TO 00006
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5
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MCOI NOT USED, SO COMPUTE
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8
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9
. | suBROUTINE
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1 | reswT o008
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9
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as =
ALN94IT

e

l *DELTA £ (X1
I

9anT9 =
l 9NTY+I0AS

778

199

xr

M

PAGE T

00086 =
0008590010

0o0as =
0O0864x00011

00086 =
DO0869001 1

o

~Nuhe

62105

SUBROUT INE
INPUT 90018
RESULT 10087

19

036 =
GO03600087

2a

a0nae =
OO0A6ART

')
e

AT
PVUIRLIITIE




onoeT =
. 0008TH90001

00087 =
0008 T#90001

00Nae =
00088 /00087

00087 =
90002490002

0003y =
00071 -00087

00086 =
00087-00086

K1

I
00086 =
00036 /90002

K2

I
aonas =
n0ouas 79n0a1

3a

0083 =
007290001

L/

200

PAGE 70 CORTINGED:



NASA-GSFC NISSION AND TRAJECTORY ANALYSIS DIvVI

K VALUE = 01700

1

00087 =
00088400087

ov

~ U

nonse?
onass-000s7?

aonas =
900023000

00088 =
00071 +00088

19

00088 =
00088400007
20
SDELTA SMALL
to’m
90088 =
21
oes =
00087400007
22
ﬂ:ﬂ_n'n}m» o)
90067 =
23
© Onose =
00070-00036
24
+DELTA SMALL
OMEGA (D) (XT)
90075 =
900T5+00086
25
DOpAG =
00095400087
26

201

R

mmny

~0
8
-
)

3
:

RESULT 00088




o088 =
0008500088

Q0087 =
00087T+00088

Qv

e

02101

SUBROUT INE
INPUT 90003
RESULT 00033.

00088 =
'90002#00038

000as =
SO01 00008

K3

I
ao0sr =
ao0ar /00088

16

o00as. =
0007290001

00083 =
0a033x00007

i8

+DELTA A(X7)

90065 =
90065+00038

L/

27

+DELTA M) (x7) |

i
90573 =
0TI +00036

o008’ =
0068500007

+DELTA R (X?)

I
0070 =
ITI+0008’R

31

00083 =
000330007

+DELTA CAP
E(D)}X7)

T =
00T9+00038

01778

202

PAGE 71 CONTINUED

41

000at =
90011 /090037

e

42

K5

!
onaar =
ON0RTHO0036

a00as =
00071 -00035

00038 =
90001 %90001

00085 =
008800085

S

~N Ot

ge1as5

SUBROUTINE
INPUT 90018
RESULT 00089

00089 =
0008900089

90089 =
900102000389

00089 =
90010200089

L/



WASA~OSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01700

1
9 =
00085-00089
2
0DO72490002
3
X6
N
9 =
0008900080
4
5 =
S0001 400085
5
2 02105
. | swrourine
3 | 1nNeut 90003
7 | rResu T DODSD
6
90010800090
7
00091 =
90001 #9000
8
00091 =
00072400091
s
00090 =
o091 +00090

Vaud

19

Q0088400007

+m.T? A (X3)

90065 =
90065+00083

00087 =
0008700089

00087 =
008700007

+DELTA SMALL
E(x3)

90066 =
90066+00037

00087 =
00085400007

+DELTA NU(D) (X3)
I

06T =
9067 +00037

09087 =
a9a709-00087

203

PAGE T2

000a7Y =
00080007

+DELTA CaP
Eo) }X&)

90079 =
90079+00087

airrs



00089400090

0008s =
00090-~-00085

00085 =
00087400085

» Q. O

02101
SUBROUT INE

RESULT 0000

00090
90010300090

K7

J
00085 =
00085 /00090

18

00088 =
pO083400087

JPASE 72 CONTINUED

90078 =
90075+00067

00087 =
00095400085

00087 =
00087400007

30

+DELTA );‘(0.) 8)

90073 =
90073+00087

00087 =
90001 /00072

0003y =
0008 T+00007

34

+DELTA V() (X8)

90071 =
90071 +00087

00087 =
0009440035

204



IAsA-G.’f; MISSTION AND TRAJECTORY ANALYSIS Divi

X VALUE = 01700

18

e OO
§
g

(-1 ]

-

(=X}

~ue

02105

SUBROUTINE
INPUT 90018

RESWL.T 00088

~

X9
I

00086 =
00086 /00087

00085 =
90010200085

00085 =
00085x00086

00085 =
00085400007

00085 =
00085490011

00085 =
00085490011

+DELTA SMALL
E(X9)

90066 =
90066+00085

00085 =
009085490010

40085 =
00903600007

25

00086 =
90006x930006

+DELTA NU (@) (X9)

)
90067 =
9U067+00585

205

PAGE .




‘."‘I

00086 =
00086490001

00086490002

[ 3:]

5
00085 =
00085 /00086

12

=17

NG

02105

SUBROUTINE
INPUT 90003
RESULT 00086

00086 =
S001000086

14

0008
90001 x90002

00037 =
00072300087

00086 =
00087+00086

00086 =
00086400035

206

PAGE 73 CONTINVED

00085 =
00070-00085

+DELTA SMALL

QMEGA (3) (x9)

I
20075 =
90075+00085

00085 =
000951186

00085 =
000850000

90073 =
IOT3+00085

+ +DELTA M) (X9)
I

+DELT.

A

THETA (B) (X3)

I
4078 =
oUOT8+00007

00035 =
0003606094

0g08s5 =
000850000

L/




G90D0001 100 T
G9000101101 A

9000201102 MALL €

Q9000301103 NUD)

Q5000401104 R BAR

49000500200 TO0

«90D0803852 w

Q9000701107 v BAR

Q9000800380 PARTIAL R BAR (X(J))
@9000900383 PARTIAL V BAR (X))
@9001001110 RO

9001101111 VD)

@9001201112 DELTA

@9001301113 MO)

@o001401114 PHI D)

@9001501115 SMALL OMEGA (0)
Q9001601116 1

Q9001701117 CAP OMEGA
@9001801118 THETA (D)

Q9001901119 N

@9002201120 CAP EXD)

Q9002300252 3 UNKNGWN NO.
@9002400524 LOC.PRECEDING DELTA N(2,8) OR DELTA
@9002500525 DELTA N(2,@) OR DELTA RHO SUB t
Q9004500545 DELTA N(3,®)
Q9006500500 DELTA A

@8006600501 DELTA SMALL €
@9006700502 DELTA NU{O)

207



3008600503
Q9006900506
99007000509
Q9007100510
Q9007200511
9007300512
Q9007400513
Q9007500514
Q@UDOTE00515
QUODT7O0516
@9007800517
Q9007900519
@9008502085
Q9008802001
@9008702076
Q9008802031
Q9008901301
QN09001401
Q009102101
Q9009202105
Q9019302196
09009400400
Q9009500441
Q9009600013
Q9009700002
Q9009804501
Q9010000099
V0007 0+00000000+00
vOO071 +10000000+01
v0OO72+20000000+01
VOOO73+30000000+01
vOQO74 +19000000+02
vODO?7S +39000000+02
vOOa79+74000000+02
v00033+73000000+02

DELTA R BAR
DELVA v BAR
DELTA R(D)
DELTA V(D)
DELTA DELTA
OELTA M(O)
OELTA P!;Cl L)
DELTA 9MALL OMEGA (D)
DELTA 1

DELTA CAP OMEGA
DELTA THETA(D)
DELTA CAP EWO)
va

VECTOR ADD
PE

SIN

aos

S@ RY

J (UNKNOWNS)

X))

LIMIT OF UNKNOWNS
MLIMET OF a"S)

« ORBIT GENERATOR

ORBIT GENERATOR IDENT.



NASA-GOFC WISSION AND TRAJECTORY ARALYSIS OIvE .t 28
. . 1

—wuues*zooummm
V00084 +40000000+02

CROSS REFERENCE LISTING

PAGE BOX LABEL REFERENCES:

DR WALE 3 0ITB T
08,04 B Y u;.m'

66,03 013 es.07

98,48 oirve 8.06

of.1s otvse e7.02

or.19 o177? 6717

or.21 . 01730 e7.20 » ‘

.05 DLYYB 67.24  ©5.02. 96.04. €6.10 " €6.5%  ¢A.ES . enile
| esde .29 T0.0¢ . a2z Ti.E  TR.3Y . YEM

68.08 o170 i

es.11 o1711

6s.13 01712

9,01 o1129 er.20

.05 O1714

09,17 01715

.0 01713

5.08 o1728

70.13 o1716

1;.33- o1t1¢

3.0 m7rie

209



| WABA=GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE Te
'K VALUE = 01840

1’

COMPUTE DRAG AND COMP,
. PERT, EFFECTS
13

01841 90038 =
90035-90015

i

161 .04 wmemment

—
] BEGIN
) T

H
1)

N

GET T

5
00005 = (o001 +
(©0003))

o

STORE TIME AT
WHICH TO COMPUTE
DRAG EFFECT

I
80004 = 00005

S ]

® Uy »

:
:

COMPARE (01006
TO 90002

01842

210



P
I ves. cer eew. V
k?‘t' T '
[ E——." —
9
1
3 03401
11 suemourine
s | 1weut oooos
RESULT 90030
10

TAPE AT T)~-(ELEM.
FROM T;ERT.
0031 =
90031 -90011

TAPE ATIEPOCH)

90032 =
90032-90012

90033 =
90033-90013

14

90034 =
90034-90014

211

PAGE 74 CONTINUED,



'K VALUE = 01840 .
#5000104401 DRAG (DELTA W) F.

3000200005 COMP. PERT. QPTIOM
@8000303401 COMP. PERT. TAPE READ F.
Q9000400200 TIME OF DRAG EFFECTS
Q9001000270 A ELEM. FROM PERT. TAPE
@9001100271 € AT EPOCH )
QaDo1200272 y

Q9001300273 ™

ao001400274 "SMALL. OMEGA

Q9001500275 AP OMEGA

Q9003000276 DELTA A

003100277 DELTA E

Q9003200278 OELTA 1

Q9003300279 DELTA M

Q9003400260 DELTA SMALL OMEGA

50033500281 . DELTA CAP OMEGA
VO000§+10000000+01

CROSS REFERENCE LISTING

PAGE BOX  LABEL REFERENCES

K VALUE = 01840
“.m O1841  163.04

212
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MASAGSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01830

., EXPONENTIAL FUNCTION

lmau ;

. 178 . 24 cmtpena .
P —m— —— “

s BEGIN 00001 ?
Gngee e . cew e

2

a1884

BEGIN 00034

213

o878
i 19
N 80023 [
—— o S amanb
. , 20
00008 = INTEGRAL
PARY OF GOOOY .
21
L
D000T-00008 -
22
00007 =
00007 /00014
23
=
00020400007
24
00022 =
00022+00019
25
00022 =
00022400007
26
00u22 =
00022+00018
27
00022 = .
0002200007
28
00022 =
a0022+00017

© 6



YES. AN = —* l )
S seg. s\.a: z 13 20

3 o e
00024 = DOD10 00007 = oonzz =
00005400013 00022400007
30
00D22 =
00022+00016
3
Doo22 =
00022400007
. 32
o002z =
15 0002240001 5
00007 =
00019-00007
33
00022 =
DDD22400007
16
34
HIGH
COMPARE 00007 oooz2 =
70 00010 00022400011
35
LO/EQ
oooae =
000224600
17
36
0001 + (00004))
= 00011 I 00008 = 00U14 1
76.03
01876 37
18 — o — —y
9 BEGIN 00026 ¢
EXIT L e
L/
-

214



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 01850

1%y

PAGE 76

HIGH
COMPARE 00011
TO 00006
LO/EQ
. 2
o008 =
00008400012
3

01876

01877 &
e w—  —
] BEGIN 00027 ]
i o |, o—
5
00023 =
0000800009
1]

| oooea = oooes

7
HI
COMPARE 00005
To 00010
Lo/Ea
a
00024 =
00011 /90023
01878 9
s BEGIN 00028 4
—_ TS
19
©O091 + (00004))
= oonza
11

215



PAGE BOX

X )
15,08
75.12
‘75.19
1537
176,04
" r8.09

K VALUE = D1850

CROSS REFERENCE LISTING

LABEL
K VALUE = 01850

01851
01883
01884

01875

01876

01877
o1678

. VDDD10+60000000+00
VD001 1 +10000000+01
V0001 2+10000000+02
VO0D13+43428448+00
VOO014+31622787+01
VD001 5+36406910+01
VOO016+66284315+01
V00017 +80196410+01
VvOOO18+75467547+01
v00019+42440739+01
VO0020+56549020+01
vO0030+10000000+38
mnnsnesouoouoopz
VOOD32-85000000+02

REFERENCES

178.24% 178.21%

75.04
75.08
75.14
76.03
76.01
75.07

216

75.10
75.18

75.11

16.07



NASA-GSFC MISSION AND TRAJECTORY AMALYSIS DIVI
K VALUE = 01900

SATELLITE IDENTIFICATION
LOAD FUNCTION

! O1901 ;

78 s T sl
1
— e by
] BEGIN 00001 ]
G e e el
2

DATA 15 ON BCD
TAPE. EXIT WITH

€ rirst wirD o
f SATELLITE IDENT. §

L e

1927
. BEGIN 0O027
S —

READ TAPE A
BCD MODE
ao0as anoe2s,
o e -
] Aok
01928 [ Berremre. ——— e
[} BEGIN 00028 [ ]

217

15

16

PAGE TV

Ve

18

LAMBOA-O IN
RADIANS

1
©O005 + (0O004) )
: = oog2n

19

TAU-O IN:RADIANS
O0006 + (OOD04))
= oon21

20



PAGE 77CONTINUED

00011 =
00011 /00026

00014 =
00014 /00026

01974
SUBROUTINE
RESULT 00020

3
:

01986

(o3 ]

SUBROUTINE
INPUT 00012
RESULT 00021

=1

SATELLITE NO.
5
©0001 + (D0004))
00005

12

YEAR #ok DATE OF
I
©0002 + (©ON04))
= 00006

13

MONTH JULIAN DAY
- ong

i
(00003 + (0004))
= 00007

14

DAY ok
I
0004 + (G0004))
- a8 .

218



CROSS REFERENCE LISTING
PAGE BOX LABEL REFERENCES

K VALUE = 01900

¥?.01 " 01901 78.07%
77.06 01928 r.ar
17.15 oiser 77.04

K YALUE = 01900

Q0002201971 H-M-8 TO RAD) FUNCTION

0002301966 D-M-3 TO RAD. FUNCTION

V00024 +00000000+00 (USES LOCATIONS 1 TO 34)

V00025 +10000000+01 ENTER WITH (2)=0 1f SAT. DATA IS
VO0U26 +1000000G+04 " CARDS OR (2) NOT EQUAL TO ZERO IF

219



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PARE
K VALUE = 01940

/]
SATELLITE IDENTIFICATION
LOAD AND PRINT
SATELLITE IDENT L. AND P. 15
FUNCTION (USES
/msu ; WRITE PRINTER
BCD MODE
00000 0000S,
4 15 cmcm—
1
PUNENGRSPI J o —
] BEGIN DO001 [ 168
[ —— L c— —h
2 WRITE TAPE D
BCD MODE
AND/CR BCD gAPE. 00000 000083,
INDICATES
I
00040 = 001 + 17
©0o003))
WRITE PRINTER
3 6CD MODE
NO OUTPUT, NOT 00000 _0a00s,
EQUAL O INDICATES
QUTPUT
H i8
00011 = ©O002 +
(©O003))
WRITE TAPE D
BCD MODE
4 90003 00009,
ON CARDS,PRINTER
AND/CR BCD TAPE.
00012 = (00003 +
Q0003))
WRITE PRINTER
5
OPTION IS NOT
USED.THE FUNCTION
NOW
I
00013 = (00004 +
©0093))

6
f PRINTS THE —
SATELLITE ]

' :
TDENTIFICATION
| JOENTIFICATION 4

220

.



01904

7
b4

. SUBROUTINE
0 INPUT 00010
1 | resuLY 90002

DATA REGARDLESS
oF CGIIDATA' 1TEM
S

J
00007 = (900D1 +
©0005) ) :

STORED AS
INDICATED BY THE
Q9002 ,
00007 =
0000700008

(90001 + (00005))
= 00007

WRITE TAPE D
BCD MODE
00000 00009,

L/

221

PAGE 78 CONTINUED



K VALUE = 01940

Q9000101904 LOCAT OF SAT. IDENT. PACKAGE
@9000200294 - LOCAT OF SAT CATA ITEM

Q9000301905 LOCAT OF SAT. IDENT.LD +4

vODOOS +10000000+02 LOCATIONS 1 TO 24)

vODOOs +1 3000000402 ENTER WITH (2)=0 IF INPUT DATA IS
V00008 +10000000+04 CARDS OR NOT EQUAL O IF INPUT IS
VOO009+10000000+01 TAPE, (2+1),(2+2),AND (2+3) = TO
vO0014 +00000000+00 QUTPUT GPTION CODES FOR CARDS,PRI

CROSS REFERENCE LISTING

PAGE BOX LABEL REFERENCES

K VALUE = 01940
v8.01 01941 1.15%

222



MASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE T9
K VALUE = 01955

ADD TO CORRES. SUM .OF
(O-C)Sd. AND TO N FOR ONE
aBS.

i13.21

1
P e e |
] BEGIN 00001 '
S ——t)

N

USE OBS. TYPE TO
GET CORRES. SUM

i)
00003 = (90005 +
(90003))

(¢

ADD TO SUM OF
WEIGHTED (O-Q)
SQ.

J
Ooia =
O00G3+90002

STORE NEW SUM IN
PLACE OF OLD

USE TYPE TO GET
CORRES. N

i)
antae = (9unn4 +
(900513) )

SlmE"CM N
(90004 + (90003))
= 00009

223



‘PAGE 89 CONTINVUED

K VA8, 03985

Q90001002358 WEIGHT FOR 0OBS.

Q2000200047 WEIGHTED (O-C) SQUARED

Q9000300253 oBs. TWE

Q9000401999 LOC .PRECEDING 20 LOCS. OF N*S
QEOO0501919 LOC.PRECEDING 20 LOGAF SUMS OF (O—C
VOO0 +00000000+00 0OBS.TYPE.ALSO ADDMSE NI N, THE NO.OF
VA0S +10000000+01 INQLUDED I e SN Tee. uses

CROSS REFERENCE LISTING

PAGE BOX LABEL REFERENCES

K VALUE = 01993
oios o1936 13.284

224



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 80
X VALUE = 71970

HOURS~MINUTES-SECONDS TO
RADIANS

101971 7

77.09 '
P e e |
s BEGIN 00001 ]
[ S i —
) 2
o000s = (00001 +
©oon3y)
3
00006 = (D002 +
Oo0003))
R 4
00007 = (©0003 +
COO03))
5
oot =
0000 700008
6
00010 =
00010+00006
7
00010 =
00010500008
8
oomn =
009641 0+00005
9
90010 =
0001040000
] 19
00001 + (00004))°
. = 00010 .

225



K YALUE = 01970
000603875 1760
@n0DD903874 RADIANS/HOUR

CROSS REFERENCE LISTING

PAGE BOX L ABEL REFERENCES

K VALUE = 01970
».01 BT ) 21 ¥7.00%

226



MABA-GIFC MISSION AND TRAJECTORY AMALYSIS DIVI PACE ot
K VALUE = 01985

DEGREES-MINUTES-SECONDS
TO RADIANS

[mseﬁi

7.0

]
s BEGIN 00001 [
[, —

(4]

01997

] BEGIN 00012 [}
B,

—— —— P ]
L 17

00013 =

01999 3 f -10000000+01
b U S
s BEGIN 00014 '
| S — L cmm— el

18

6 00007 =

00011-00007
opo0a = (Ooou2 +

©0003) }

o0pn9 = (00003 +
(00003))

2217



[
M k
0OO1Y =
s |
9
00010 =
00010+00008
10
00010 =
00010400005
11
. 00010 =
00010+00007
12
00010 =
00010400013
13
00010 =
00010 /00006
14
@0O01 + (O0004))
= 0po0
15
EXIT

228

PAGE 81 CONTINUED



K VALUE = 01965

Q0000503875 160
QCO00E03847 DEGREES/RADIAN
V0001 1 +00000000+00

CROSS REFERENCE LISTING

PAGE BOX LABEL REFERENCES
K VALUE & 01965
#1.01 01988 17,108
81.05 01999 81.18
01.18 01997 61.04

229



MASA-GSFC MISSION AND TRAJECTORY ANALYSIS D1vI

K VALUE = 02000

VECTOR PACKAGE
VECTOR MOVE 7

02001

22 .02 emeipcm

—
3 BEGIN
e

00001

(1.

n

00005

©0003) )

00007

= (00003 +
O0003))

(©0001

2+

(00004) )
00005

(Ooo02

+ (DD004))
06

00003

+ (00004))
7

230

PAGE 82



PAGE BOX

K VALUE = 02000

LABEL

02001°

REFERENCES
*2.02 22.052
22.22¢ 22.2%
24.03¢ 24.04%
25.02¢ 25.04%
25.16% 25.18%
26.02¢ 26.03% -
26.24x 26,264
28.284 28.33%
29.31%  29.35#
35.16%  35.18%
36.42¢ 37.08%
37.32%  38.05%
39.08%  39.10%
40.13%  40.20%
42.05% 42.07%
43.13%  43.17%
44.18%  44.28%
45.28%  45.33%
46.33%  46.43%
47.43%  48.03%
49.02k  49.15%
50.1%  50.19%
51.20%  51.32%
52.32% 52.37%
53.37% 53.49%
54.49%  55.03%
56.03%  56.05%
57.16x 57.20%
$8.10%  58.11%
58.21% 59.02%
59.15% 59.16%
$9.25%  59.26x
60.07% 60.11%
61.12% 61.23%

CROSS REFERENCE LISTING

2.0
23.14%
24.08¢
25.0%
25.19%
26 .04%
26.29%
28.39%
34.14%
35.20%
37.18%
38.07%
39.18x%
40,23%
42 .13%
43.28%
44.,33%
45 .43%
£7.03%
48 .13%
49.19%
50.32%
51.3T%
52.49%
54 .03%
55.15%
57.02%
57.22%
58.13x%
59.04x%
59.17%
59.27%
60.14%
61 .264

231

22.10%

23.172

24 .08%
25.10%
25.20%
26.08%
27 .09%
28 ,.44%
34.16%
35.25%
37.20%
38.15%
39.21%
40.31%
42.24%
43.32%
44 .43%
46.03%
47 .13%
48 .18%
49.32%
50,36k
51.49%
53.03x%
54 .15%
55.20%
57.05%
57.25%
58.15%
59 .09
59.18x%
60 .02%
60.21%
61.31%

22.12%
23 .24
24 .09«
25.11%
25.21%
2¢,.24%
27 114
29.02%
34.23%
36.17#
37.24%
38,18%
39.32%
41.07%
42 ,28%
43.43%
45 ,03%
46 ,13%
A7 .18%
48,284
49.36x
50 . 49%
52.03%
53,15%
54 ,20%
55,32%
57.07%
58.,02%
58.,16%
59.10%
59.21%
60,03%
60, 24%
61.33%

2R.10e
23.2%¢
24 .20%
28.18¢
25.23¢
26.19¢
26.17%
29.21x
34,250
36.23¢
37.264

38,204

39.35%
41.12¢
42.%9
44 .02%
45.13%
46.18%
ar.2zex
48.334
49.49%
51.03%
52.15%
53.20%
54.32%
55.37%
57.10%
58.06%
58.18%
59.12%
59.22%
€0.05%
60 ,27%
62.03%

2. 008
23.2%
2e. 224
25.140
23.26%
26.210
28.24%
29.25¢
35.07%
36.25%
37.30%
36.32¢
40.11%
41.34%
43.02%
£4,.13%
45184
48 ,28%
47.33%
48.43%
50.02%
51.15%
52.20%
53.32%
54.37%
55.39#
57.12%
58.084
38 .20%
59.13%
39.24%
o0.064
81.08%
.2.0%¢



MREA-GIFC MISSION AND TRAJECTORY ANALYSIS DIVI PASE ».
CMOBS-REFERENCE LISTING
PAGE BOX LABEL REFERENCES

62,08+ 62.10%« 62.12%x 62.19%x €£.21x €2.20s GR.0%
62.34¢ 62.38% 63.03% 63,054 €3.08x 63.10¢ €3.18%
63.19% €3.23%x 63.26x 63.30s 64.02¢ 64.03¢ €4.10¢
64.124 64.18%¢ ©€4.20% 64.23% 64255 64.27h €434
64.41% 65026 €5.00% 67.07% O7.11s 119.27T% 119.31%
119.35¢ 119.39+¢ 119.41% 119.46+ 120.02¢ 120.18¢: 133,118
123.16% 123.17% 123.20¢ 123.24% 124.02% 124.04% 184,074
124.09¢ 124.204 124.23¢ 124.31% 124.33% 180.15¢ au,‘p

232



MASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

X VALUE = 02019

VECTOR MAGNITUDE 9

11

g

i)
: o2i9e
» SUBROUT INE
o INPUT 00009
1 § RESWY 0DODS
11

233

1
P e e
BEGIN 1 ]
L e
2
a0005 = 0001 +
©0003))
3
00008 =
00005400005
4
00006 = ©O002 +
©0003) )
5
00008 =
OOOG6H0006
6
00009 =
NOON9+00008
7
YW = (O0003 +
(G3) )
&a
GO00OR =
DO IGO0 T
9
G009 =
TN09+06G008
L.
ry



CROSS REFERENCE LISTING

PAGE BOX LABEL REFERENCES
% VALUE = 02010
os.01 ozon 22.09¢ 25.02¢ 29.41¢ 29.43¢ ' : .
119.10% 124.434¢ 125.01% 177.14% I

K VALUE = 02010
Q0002502196 SQUARE ROOT

234



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 84
K VALWE = 02020

VECTOR DIRECTION 8

=]

22 .04 ewsiomend
1
] BEGIN DOOO1 ]
[ WY ——— — el
2
00oGs = (0001 4+
O0003) )
3
00006 = (00002 +
CO3))
4
o000/ = (OO003 +
O0003))
5
a 02011
3
. SUBROUTINE
0 INPUT 10005
1 RESULT 00008
6

— —
s 1S MAGNITUDE = 4
[ — —

02029 12
) BEGIN D0ODO9 [
L U, —r
13
onnas =
aoa0s /oa00a

235



PAGE 84 CONTINUED

[ ]
veS. SE} P
0001 + (00004)) 14
.. = 00010 ne =
00006 /00008
9
VECTOR = 0, 0, 0 15
J
©0D02 + (00004)) 0007 =
= goo10 00007 /00008
10 18
@O003 + (00004)) ©0001 + (O0004))
= 0090 =
i7
11
0002 + Q0004))
EXIT =

236



CROSS REFERENCE LISTING
PAGE BOX LABEL REFERENCES

K VALUE = 02020

84.01 02021 22.04% 23,04k 24.15% 57.04% 119.21% 119.23% 119.30%
119.34% 124.38% 124,39

84.12 02029 84 .07

K VALUE = 02020
Q0001102011
vOa010+00000000+00

237



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 85
K VALUE = 02030

F-— ﬁ
' BEGIN 110001 .
[ — —

00006 = (o2 +
(GO0a3) )

00067 = (0003 +
(@00063) )

0005 =
0O005+00020

00006 =
anaGe+nan21

00067 =
a06a7+00022

&

@O0an1 +«  (GONG4))
= G0055

(0052« (GONN4))
= 9na98

wanas « Oonng)
= auanT

fes
I

238



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI
K VALUE = 02030
Q0002002085
0002102088
Won2202087

CROSS REFERENCE LISTING

PAGE BOX L. ABEL REFERENCES

K VALUE = 02030
83.01 02031 28.32% 29.01% 29.28%
38.08%x 38.17% 38.20%
39.34% 39.37% 40.22k
67.14%x 123.23% 124.06%

239

35.27%
38.31%
40 ,25%
124,264

36,26%x  37.10%
38,34% 39.20x%
41,16k 42.09%

PAGE

38 .00«
39.23%
67.,10%



MASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIvl PAGE W
K VALUE = 02040

VECTOR SUBTRACT 7

[

22 O3 g N
e |y
[ BEGIN 00001 [
. i e e
2
00005 = O0001 +
(O0003) )
3
00006 = (00002 +
C0003))
3
00007 = (00003 +
©00a3))
5
00005 =
00020-00605
6
00006 =
anaz1 -00006
7
000o7 =
00a22-00007
a8
(0001 + (0000D4Y))
= 00005
9
OON02 + (00004))
= 00006
19
(00003 + (00004))
= 00007

240



PAGE 86 CONTINUED

CROSS REFERENCE LISTING
PAGE BOX LABEL REFERENCES

K VALUE = 02040
86,01 D204t 22.03% 22.06x 22.13% 24.11% 26.05x 26.06x 29.0%
29,37k  34.17% 34.27% 35.19% S57.03% S7.06x 57.13%
58.22« 60.08% 60.,09% 60.15% 60.28% 61.13& 61.27%
61.34% 62.13% 62.14% 62.18% 62.30% 62.37% 63.13%
63,14% 63.18% 64.06% 64.13% 64.28%x 64.29%x 64,33k
S 124.11% 124.35%

K VALUE = 02040
' 0002002085
Q0002102086
Q0002202087

241



WAJA-CSFC MISSION AND TRAJECTORY ANALYSIS DIVI BAGE- WY
K VALUE = 02050

22 .08 =sjerd .
—— —
. BEGIN 00001 ]
—— v o}
2
00005 = Qo001+
@00a3) )
3
00009 =
0000500020
4
on0oe6 = (00002 +
O0003))
5
00008 =
0000600021
6
00009 =
00009+00008
7
q0oa7 = OO003 +
(G0053) )
)
o068 =
OO0 700022
9
aoa09 =
an009+00003
19
G000t + (DOD04))
= 00009

a!!

242



PAGE 87 COMTINU ED

PAGE BOX LABEL REFERENCES
| R VALUE = OBDSO , o o
e7.01 02051 22.084 23.12%« 23.18« 24.21% 24.23%x 23.03% £35.08¢

26.00% 26,10k 26.15% 26,20k 26.22%¢ 26.25% 26.2T#
26.30% 26.31x 27.10& 27.12% 27.14x S57.08% 58.03x
59.03x 59.05% 60.12% 60.18%x 00.22% €0.23% €0.2%#
60,31 €0 .;2# 61.09% 61.10x ©61.16x 61.24% €2 .04
62.08x 62,20k 62.22x 62,27 €3.04x 63,082 €3.21a
63.22% 63,24% 63.28% 63.29% 63,31k 64,03% 84.19%

64,214 64,364 64.35% 4.3k 64.40%k 64.42% 64,438
85.04% 65.06¢ 63.07% 83.08% ©5.10x 65.11x 119.24x

119.364 119.40% 119.43%¢ 120.01% 120.04% 120.18% 124.40%
180.16¢ 181,332

K VALUE = 02050

0002102086

243



MASA-GSEC WISSION AND TRAJECTORY ANALYSIS DIVI PAGE 88
K VALUE = 02060

CROSS PRODUCT 12

0206

i

28 .18 wafomiis]
g e |
[] BEGIN 000D
- ——

l.].

N

00005 = (00001 +
(O0003))

o

00008
00006200022

00009 =
0000 7:00021

00010 =
00008-00009

00008 =
000074000

00009 =
0000500022

244



PAGE 88 CONTINUED

10
000ty =
00008 -~-00009
11
00008 =
000D 500021
12
00009 =
0000600020
13
00012 =
0000a8-n00009
14
O0001 + (©Q0004) )
= 00010
15
OO0G2 + (OON04))
= 00011
16
©0003 + (CO004))
= 0012
17
EXIT

245



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 09
K VALUE = 02075

SCALAR BY VECTOR PRODUCT

l 02076 ?

22 .11 ey 4
g e b o oy
[] BEGIN 00001 ]
| S — h—— P
2
00005 = (0001 +
M0003))
3
00006 =
0N005x00020
] 4
00007 =
0000500021
5
00008 =
00005400022
6

GO001 + (G0004))

©O002 + (00004))
= 00007

00003 + (00004))
= 00008

EXIT

246



PAGE 88 CONTINUED

PAGE BOX LABEL REFERENCES

K VALUE = 02060

88.01 02061 28.18% 28.25%x 28.35% 135.21% 37.19% 37.21x 37.2%
37.27%  37.31x  37.33% 119.28% 119.32% 119.42% 120.03%
125.12% 123.18¢ 123.26%

K VALUE = 02060

Q0002002085

Q002102086

QDD02202087

247



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS D1Vl
CROSS-REFERENCE LISTING
PAGE BOX LABEL REFERENCES

K VALUE = 020738

89,01 02078 22.41% 22.15% 28.20% ° 28.2Tx 20.30&# 28.41% 28.43%
28.46¢ 28.48% 29.22¢ 29.26% 29.32¢ 23.36%x 29.39%
34.15& 34.24% 34.26& 35.08% 35.17k 35.22¢ 35.26x
35,334 36.18% 36.24%x 36.20% 36.43% 37.09& 37.15%
38.16x 38.19% 38.30% 38,33% 39.09& 39.11% 39.194
39.22¢  39.33% 39,36k 40.12x 4D.14% 40.21%  40.24%
40.32%  4D.33% 41,08 41,006  41.13%  41.15k  41.29%
42.066 42.08% 42.10% 42.14% 42.15% 42.25%  42.29%
42.30% AZ.40x 43.03% 43.04% 43.14% 43.18% 43.19«
43.29%  43.33% 43.34%  43.44% 44.03%x 44.08%  44.14%
44.19% 44.20% 44.29% A44.34% 44.35%  44.4a%  45.04%
45.05«  45.14% 45.19% 45,20k 45.29% 45.34%  45.35%
A5.44x  46.04%x 46.05k¢ 46.14%x 46.19% 46.20%  46.29%
46.34% 46.35% 46.44% 47.04% AT.05% A7.14% 47.19%
AT.20k AT.29% A7.34x AT.35% AT.44k  48.04%  48.0%5%
48.14% 48.19% 48.20%x 48.29% 48.34% 48.35% 48.44%
49.03x  49.04%  49.16% 49.20% 49.21% 49.33%  49.37k
49.38x  49.50% 50.03x 50.04% 50.16% 50.20%  50.21%
50.33% 50.37%  50.38% 50,50k 51.04% S1.05% 51.16%
51.21% 51.22k 51.35% 51,38k 51.39k 51.50%«  52.04%
52.05« 52.16% 52.21% 52.22% 52,334 52.38%  52.39%
52.50% 53.04% 53.05% 53.16% 53.21% 53.22%  53.33%
83.38% 53.39% 53.50% 54.04% 54.05%x 54,16k 54.21%
54.22x¢ 54.33% 54.38% 34.39% 54.50% 55.04x 55.05«
55.164 55.21% 55.22% 55.33% 57.11% 57.15% 60.13%
60,17k 60.26¢ 60.30x 61.11% 61.15% 61.25% 61.30%
61.32¢ 62.02%¢ 62.09%x 62.11% 62,16k ©2.28% ©2.334
62.35« 63.02¢ 63.09% 63,114 63.16x 64.04% 64.09%
64.11% 64.17k 64.24% 64.26% 64.31% 66.22% €6.24%
67.08x 67.12% 123.13% 123.19% 123.21% 124.03% 124.05%
124.08% 124.10% 124.21% 124.24% 124.328 124.34% 124.374

K VALUE = 02075

QO0p2D02085

a0002102096

Q0002202087

248



NASA-GSFC MISSION AND TRAJECTORY ANALYSES DIVI

K VALUE = 02100

SINE-COSINE

HI

i

02101

15,35 et
r— —

[ BEGIN
[ —

18

l.].

L]

©0003))

00003 = (©O0D1 +

7]

[ oooeo = oooio

bocyvemd

4
COMPARE 00DO3
TO 00018
LO/EQ
5
00020 =
0001 8-00020
6
00003 =
DOD18-00003
02121 [ 4
g e ] ey
[ 3 BEGIN 00021 { ]
i — c—— vl
8

00022 =
00003 /00019

o025 =
00018-00025

20
000093 =
2 3/00012
21
aa027 =
DO003:00003
22
anazs =
0001600027
23
09028 =
00028+0001 5

249

]

02124

PAGE 90

11 .14 calpat
_ 37
e § ooy
[ BEGIN 00003 [ ]
38
00003 = (QOD03 +
©0007) )
3
00047 =
- 0001 2-00003
40
g 02101
. SUBROUTINE
o INPUT 00017
1 RESWLT ODOL?

00005 + (UVOOS)Y)
= 00017

02106



@

9
00022 = INTEGRAL
PART OF 00022
10
oooz2 =
00022400019
11
00003 =
00003-00022
12
00003 =+
DODG3400020
13
00020 =
oo018-00012
14
[ ooves = o010 |
O , 36 cmuwmd
02124 15

¥ o

P
[] BEGIN 00024
[ R

—— L m—— el

00025 =
+31415926+01

L/

(®

24
00028 =
0002800027
25
00028 =
00028+00014
26
00028 =
0002300027
27
00023 =
o0623+00013
28
00023 =
Ohigeaann2?
29
onges =
o0023+000612
30
00028 =
00023303023
31
00003 =
00023030003
32
(CO001 + (UO0G4))
= 00003
33

EXIT

PAGE 90 CONTINUED



PAGE BOX

L ABEL

K VALUE = 02100

90.01

90.07
90.15
90.34

90.37

K VALUE

02101

02121
02124

02105

= 0210

VOO0 0+10000006+01
vooo12 15707963 01

vO0013-64596371 00

vOOG14 79639679-01

vOOu15-46737660-02

vOaa16 15148400-03

vO00 8+00000000+00

vi0019+62831853+01

0

15.35%
35.12%
66,35k
105,08
123.37%
169,32%
172.03%
90.04
90.36
90.17
11.14%
36.02%
41 .22%
71 .03%
105.11:%
123.43%
169.07%
172.054%

CROSS REFERENCE LISTING

REFERENCES

15.37%
36.03%
71.12%
105.10%
124 .01x%
169 ,36x%
172.07%

90.19
28.13%
36.19%
41 .30%
71.46%
105.17%
124,134
169.30%
172 .09%

28.15%
36.14%
72.13%
121 .18%
124.15%
169.46x%
172.11%

28,22%

38.13% "

41 ,38x%
72.05%
122.23%
125.04%
169.48%
172.13%

251

28.19%
38.26%
73.02%
122.25%
125.06%
170.12%
180.04x%

28.29%
39.05%
66.33%
73.03%
122 .49%
145.11%
170.16%
180.40%

28 .26%
39.29%
73.18‘*
123.08%
145.13x%
170.14x%
181 .22%

28.37%
'39.16%
66.37%
73.12%
123.04x
162.09x
170.20%
181.03%

28.38%
40.07%
S0 . 40%
123.06x%
163.29%
170.47%

29.09%
40.17%
66.39%
95.14%
123.08%
156.47%
170 .22%

29.13%
66.31%
95.15%
123.10%
169.03%
171.36%

35.02%
41.17%
70.18%
105.09%
123.30%
169.05%
171.38%



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 02155

ARC SINE

! 02156 ;

15 .40 e—spp—i '
| —F — -
' BEGIN 000G1 "
b e ) — —
2
0oons = (OO0t +
0093))

3
0ooa6 =
-10000006G+01

4
HIGH

PAGE 31

COMPARE 0610
TO 005

LO/ER
5
aaoue =
+1 000G +01
6

HIGH

BEGIN G108 ]

)
| S,

COMPARE 1005
TO 0OG10

252

BEGIN 01009 ]
T a—

HANGED FOR TEST

11 1O 21 1

- —_ - -4

13

O

n2176

SUBROUTINE
INPUT 00005
RESULT 00005




PAGE 91 confMUED

7 ®

(D001 + (GNO04))

= 00010 18

anons =

0009950000

8
15
0001 + (00004))
= DO00S

253



CROSS REFERENCE LISTING

PAGE BOX L.ABEL REFERENCES

K VALUE = 02155

91.1 02156 15.40% 26.16% 119.25% 124.41% 174.10%
91.09 02163 91.04
91.11 02164 91.06

254



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI
K VALUE = 02165

ARC COSINE

! G2166 ?

119,38 st

1
P e
] BEGIN 00001 [}
B s e need
2

a0a0s5 = 0001 +
0003 )

(¥ ]

HIGH

COMPARE. D005
TO D010

A\’

LO/EQ
5
naooe =
+100050+01
]

COMPARE DOG1C
1O N0a55

255

PAGE 92

[




PAGE 92 CONTINUED

3
(0001 + (30004))
= 00007
n2174 11
e e |y
] BEGIN 00009 ]
s ey e
8
12
9 02176
3
. SUBROUTINE
4] INPUT 00005
1 RESULT 0005
13
aonaas =
0000500006
14
Oo0ns =
OO0AS+00007
15
(OGO + ((0074))
= 00005
16
EXIT

256



CROSS REFERENCE LISTING

PAGE BOX LABEL REFERENCES
K VALUE = D2165
92.01 02166 119.38% 120.41% 123.36% 174.18%
92.09 02173 92.06
92.11 02174 92,04

K VALUE = 02165
vOOQar +15707963+01

257



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVl

K VALUE = 02175

1
[} BEGIN 00001 [
— — PR ]
2
00005 = (O00M 4+
O3
3
00006 =
001000005
4
oooar =
00011 10005
5
07 =
00007 +0012
(3
anonzy =
Q00 740005
7
anaGr =
aO0G7+00013
8
aannr =
0000 7400005
9
g7 =
HOGG7+00014
19

OMGT =
OO0G7 61555

11
000 ; 7 =
00007+00015
12
00007 =
0000700005
13
onoo? =
oo007+00016
14
00007 =
0000700005
15
00007 =
o0007T+00017
16
00007 =
anon7x00005
17
00007 =
0000 7+00018
13
9 02196
4
' SUBROUTINE
2] INPUT DO006
1 RESULT T0006
19
annonT =
0000600007

258

PAGE 93,

20
a0a07 =
0001 a-00007
21
@001+ (30004))
= 00007
22



K VALUE = 02173
v00010+10000000+01
v00011-12624911-02
v00012+66700901 -02
v00013-17088125-01
v00014+30891881-01
vO0015-50174304-01
v00016+88978987-01

v00017-21459880+00
v00018+15707963+01

CROSS REFERENCE LISTING

PAGE BOX LABEL REFERENCES

K VALUE = 02175
93.01 02176 91.13% 92.12%

259



NASA-GSFC ‘MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 02195

SQUARE ROOT FUNCTION

l 02196 ;

15.18 o
1
— e | — oy
] BEGIN 00001 s
[T R ——
2

©0003))

00003 = (00001 +

PAGE 94

3
HIGH
COMPARE. 00003
TO 00005
LO/EQ
4
OOD01 + (OO004))
= 00005
5
EXIT

260

2201 6
—_
+  DEGIN 0DOOD6 4
7
00007+00007
8

HI

9
00011 =
000700010
10
COMPARE 00D0T
TO 00003
LO/EQ
11

L 00009 = nopo3 1

—e-

02207 12
-l =
¢ BEGIN 00012
— — pu— )




it
/ 00013 =
A i 00003 /90009
14
00014 =
00009+00013
15
00015 =
00014 /00008
18
00016 =
00015 /00009
17

| ooons = ooois

COMPARE. 00011
TO 00016

LO/EQ

19

@0001 + (O0004))
= 00009

20
EXIT

261

PAGE 94 CONTENUED



PAGE BOX LABEL
K VALUE = 02195

94.04 0219¢

94.06 02201

94 .12 02207

K VALUE = 02195
vOoo0r 109000000 01
vooa10  20000000-07

CROSS REFERENCE LISTING

REFERENCES

15.18%  15.24% 27.17%
36.10% 38.25% 39,284
66.44% T71.38% 83.10%
120.38¢ 120.49% 120.54%
122.47%  145.15% 161.22%
167.05¢ 171.46% 172.19%
94.03

94.10  94.18

262

28.0%5%
40 ,08%
$3.18%
121.16%
161 .46%
181.12%

28.10%

42 .02¢
100,26+
121.28%
163,17
181.14%

29.18#

61.19%
105 .48

122.32%
163.43%

35.2¢s

€3.38s
120.238

122.42%
168,26«



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVE PAGE 93
K VALUE = 02215%

FOS7 620724
FOS7 KEPLER (REVISED)
FO57 J.A. SMART, S.M. 22
ROSENTHAL
KEPLER FUNCTION 00018 =
0001040001 4
[mu 7
23
29 .07 msfpriend
1 oo =
e e o 0001040001 %
¢ BEGIN 00001 '
Riomwsirs — ——— ———l
24
2
00048 =
00009 = (OODDYL + 00012-00017
©O003) )
25
3
o019 =
00010 = ©O002 + o0On7-a0016
©O0D3))
28
4
o020 =
00015 .= 00018 -0000
00016,/00025
T
. 2
ooz =
00016 = (0020 /000
00024-00015 ot
28
s ooo12 =
00012-00021
HIGH
COMPARE 00009 29
Yo 00022 -
02241 16 0001 + (00004))
| m— g = noo12
[ BEGIN 00026 ]
[ W—— ——— — pr—
LO/EQ
17 30
06017 =
66009-000623
HIG
l 00017 = 00009 l COMPARE 00021
TO 00DOa
N 18
| 00017 = |
___00008-00017
! LO/ER
2

263



02244
— —
s BEGIN 00029
| S

PAGE 95 CONTINUED

201
00021 =
mmza
]
02242 32
Y pEcin oOOD2T 4
e | —
33

19

00012 =
00009-00015

..
00045 = |
0000800015
02243 9
—_—t e .
9 BEGINOOOZE o
— —— p— )
10
HIGH
COMPARE 00017
7o 00016
LO/EQ
11
| ooo1z = oooos ]
12
[ 00011 = 00008 ]
p2228 - 13
———
v BEGIN DOO13
14
9 02105
0
. | susrouTINE
3 | 1weur Doo12
7 | rESWLT 00014
15
) 02101
o
. | swrouTine
o | 1neur oooiz
1 | ReEsuLT DOD15
/-

264

00018 =
00011 +00007




K VALUE = D2215

Q0002203839 Pl

Q0002303842 2e1

Q0002403857 P1I /6

Q0061202105 COSINE

Q0061402101 SINE

V00005 +50000000-08 S.P. CONVERGENCE CRITERIUM

vOOO006 10000000 02
vOoo00?7 10000000 01
vOo0o8 00000000 00
V00025 +20000000+401

CROSS REFERENCE LISTING

PAGE BOX LABEL REFEREN CES
K VALUE = 02215
93.01 02216 29.07% 122.21% 169.44% 171.334-
95.09 02243 95.18
95.13 02228 95.21 95.35
85,16 02241 95.06
95,19 02244 95.10
935.32 02242 95.30
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FOST

NASA-GSFC WISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 022453

ARC-TAN Y/X.USGS
LOCATIONS & TO 29

[==]

11 ctipuen] .
e | ey
BEGIN 0D0O1 ]
RS —

2

00018 = (©0001 +
«0003))

00016 = (00002 +
(©000

00019 =
+31415927+01

HIGH
COMPARE 00017

00018 =
+10000000+01

266

g —

s L)g

anazs =
00005-00015

P

00024 =
00005+00015

00023 =
00023 /00024

00005 =
0062300023

00024 =
0000500014

00024 =
00024+00013

aageq =
0002400005

30

0ng24 =
ao0e4+00012

31

an024 =
00024400005

PAGE 98

42

00003 =
00024+00006

00003 =
00018400005

00003 =
00005+00019

az22e7



8
0000% =
+15707963+01
9
HI
COMPARE 00018
TO D017
LO/ER
10
. 0005 =
+4Tj. 23889+1
ne22e7 - 11
— — —
s BEGIN 00022
| S— ov— ——
12
[ wonot + @oooay)
= 00005
13
EXIT

PAGE 96 CONTINUED

17
HIGH
0 DOO17
§ 32
DODéA =
00024+00011
LO/EQ
33
18 00024 =
000240000
0a018 =
~10000000+01
34
19 Go024 =
HHI24+00010
Oooas =
0004 7-000075 )
35
0G24 =
20 024500005
HIGH 36
COMPARE 000GS
TO D017 00024 =
0024400009
LO/EQ a7
nonz4 =
2400005
21
GO065 = 2a
O0G5+0019
naGz4 =
OO024+00008
39
GhG24 =
Q0024030005
443
0024 =
GOG24 +O00G7
41
0024 =
(002400023
Vo
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CROSS REFERENCE LISTING
PAGE BOX LABEL REFERENCES

K VALUE = D2245

96.01 02246 26.11% 119.45% 120.05% 121.22% 122.36%
96,11 02267 96,09 96.21 96.45 96.46

96.14 02265 96.05 96.07

96.22 02266 96.17 96.20

K VALUE = D2245
VOO006+7 8539316 +00
VOOO07 +99999933+00
vOoOos-33329856 +00
VOO009+1 9946536 +010
VOO 0-13908533+000
V0011 +96420044 -01
vOO12-55909886 011
VOO 3+21861229-01
VOi14~-411540530-02
VONG1 5+ 10000000 +01
VOO 7 +00000006+00
vOan2s +62331353+01

vaOOI1 5 +1 GO00G00+01

268



NASA-GSFC MISSION AND TRAJECTORY AMALYSIS DIVI PAGE 97
K VALUE = 02270

ANGLE REDUCTION F. ENTER
WITH (Z) = ANGLE

! az271 ;

29 .04 w—do——i
1
P e
] BEGIN 00001 s
[ SO I |
2

ZERO AND TWO P1
RADIANS. usts 10
LOCS.

5
00009 = (O0001 +
(O0003) )

3
INPUT ANGLE/ 2 FI
a00G9 =
00009 /00003
4

= == — -3
8 IS ANGLE POSITIVE »
[ = —— — e

COMPARE 10006
TO 00009

ANGLE 15 NEG.

02275 11
(] BEGIN 000065 ]
6
o001g = INTEGRAL 12

PART OF 00009

00010 = INTEGRAL
PART OF 00009

269



PAGE 97 COMTINUED

7
!'RAC}!“ 13
00010 = FRACTION
00009-00010 1
00010 =
0000900010
8
(FRACTION)Y (2 PI) 14
= REDUCED ANGLE
I (FRACTION) (2 PD)
00019 = = NEG. ANGLE
00010400008 )
aoo10 =
00010200008
9
OO001 + (D0004)) : 15
= 00010
NEG. ANGLE + 2 PI
= REDUCED ANGLE
I
00010 =
10 OO 0+00008
16
OO001 + OOO03))
= 00010
17

270



PAGE BOX L ABEL
k vALE = 02210

s7.m 02271

711 02275

K VALUE = 02270
QO000803842
Vo006 +00000000+00

CROSS REFERENCE LISTING

REFERENCES

29.04% 105.03% 105.05%
158.06% 158.20% 158.25%
168.26x 168.27% 168.31%
169.20% 171.27k 171.28%
97.0% ’

2 Pl

IN RADIANS. EXIT WITH (X)

271

105.07%
168.10%
168.32%
171 .29%

120.06«
168.12%
168 .33%
171.34%

= ANGLE B

121 .26« 132,304
168.19% 160.5%«

169,26« 169.27%



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 96
K VALUE = 02300

MATRIX CLEAR FUNCTION

/92301 7 ;
10.04 ‘ O 10

1 :
— —— oonne =
— —
] BEGIN 00001 [] 00004 +00012
[ SN, —— — ]
2
11
00005 = (©O001 +
©0003))
HI
COMPARE 00007
3 TO DODD4
00005 =
+10000000+01
LOVEQ
4
00006 = (0002 +
©0004) )
12
5
00007 =
00005+00006
6
00007 =
00007300006
7
o007 =
a0007+00004
L 02314 )

o — —
) BEGIN 00014 ]
Qe

272



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIV

PAGE BOX LABEL
K VALUE = 02300
g8.m 02301
96.08 02314

K VALUE = 02300

vionoa+00000000+00
V0001 2+10000000+01

REFERENCES

10.04%
98.11

273



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIvi PAGE 99

K VALUE = 12315

Vaud

FULL ROW MATRIX FUNCTION
19
anne /
00004 =
GOON4+0001 2
13.18 mmiord]
1
—_— o —_
[} BEGIN 00001 ] 29
[ — —— e}
noona =
OO +0001 2
2
ann11 =
+10000000+01
21
3
HIG
010 = (02 + COMEARE 1i000a
@) ro non09
a4
19 =
03+ 2
5
aoon02n =
AN 00003
6
7
00009 =
N34

12329

—
] BEGIN #1124
S

3
a3 =
I 2 +13H0G3
N
. 2

274



PAGE %% CONTINUED!

z
v
o2n7
11
[ oooos = ooote ]
12
00005 = +
(00003))
v
02330 13

P
» BEGIN 00015 0
[ — pu—

14
00006 = (00001 +
O0008) )
15
ao0a7r =
0000300006
16

o0a13 = (00003 +
OO0

17
o0oooa7r =
00007 +00013
18
00003 + (00004))
= 00007
/-

275



CROSS REF ERENCE LISTING
PAGE BOX LABEL REFERENCES

k vALUE = D2315

99,01 02318 13.18% 152.10¢
$9.08 02329 99.21
$9.13 02330 9%.21

K VALUE = 02315
v¥00012+10000000+01
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NASA-GSFC MISSION AND TRAJECTORY ANALYSLS DIVI

K VALUE =

COMPUTE AND PRINT R.M,.S-
FOR EACH OBSERVATION TYPE

ot

NO. EXIT WITHOUT 1

i |

EXIT

02353 6
P e |
] BEGIN O0O13 ']
[ S D i

T B
02354 12
— e | o ey
] BEGIN 00014 ]
WRITE TAPE D S e o md
8CD MODE
00000 00006,
13
8
WRITE PRINTER
B8CD MODE
00600 00006,
WRITE TAPE D
BCD MODE
00000 Goo0os
14
9
WRITE BRINTER
L e s P
PRINTER ag aaq
02355 15

] BEGIN 00015 ]
§ ERRY S—")

277

PAGE 100

N IS NOT ZERO

02357
e o |
1 BEGIN 17
|

s Lln

GET SUM CF (O-C)
SQ. FOR THIS TYPE

00010 = (90004 +
Q00069 )

»

SUM OF (O-C) SQ.
/ N

00010 =
0001000012

\

S

R.M.S. Fi ™S

-

n
w

L-d

P

a0

02196

SUBROUTINE
INPUT G000
RESUL.T 00010

-3

I

' SCALE R.M. S.

® O

7



COMPARE 90001
TO 009005

CQUAL

16

SET CNTR. (ALSO
oBs. TYPE) =1

J
00039 = 00006

101.06
02356 17

-
BEGIN 00016 ]
b

GET N, NO. OF
OBS.KEPT OF THIS
TYPE

21
M Yes. cer anomer |
! TYPE '
— ——
01.0
02358

278

PAGE. 100 COMTINUED

2o
A 02821
0
8 1 suerourine
o | _Ineut oOO10
% | resuLy ooo10
29
10 =
00010,/00008
sa
WRITE TAPE D
BCD MODE
3
[ =i
e ) — —d
32
UNEG
COMPARE 90001
TO 00005
(2) Yoo
02359
33
— = —_—
[ ] NO 1
e e e e

01.0

02358



NASK-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 101

K VALUE = 02340

ZDZBEQ 7

100,32
1
e e | e ey
] BEGIN 00019 3
v e, omase
2

WRITE PRINTER
BCD MODE
[o0a9 0Onas,

100,21 —o——q
02358 3
I —

. BEGIN 00018 [}

| S — e el

4
ADD TO CNTR.,
GETTING l‘}EXT TYPE
00009 =
O0009+00006
5

H1
COMPARE 00007
TO 000059

02356

7
— ——
] YES. EXIT [
| R A —

L]

279



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 02340

Q9000100042
Q9000200048
@9000301899
@9000401919
QRI000502196
Q9000602521

PAGE BOX

100.15
100.17
100.22
101.01

101.03
100.01

100.06
100.12

V00005 +00000000+00
vO0006 +10000000+01
vODOO7 +20000000+402
vOD008+10000000+06

CROSS-REFERENCE LISTING
LABEL REFERENCES

a2355 100.11
02356 101.06
02357 100.20
02359 100.32
ag358 100,21 100.33

02341 14.12%
02353 100.03
02354 100,10

PRINTER QUTPUT OPTION
N, TOTAL NO. OF OBS. KEPT
LOC.PRECEDING 20 LOCS. OF N*S
LOC.PRECEDING 20 LOC.OF SUMS OF (0~C
SQUARE ROOT
OUTPUT SCALE
(GETS AND TESTS N FOR EACH OBS.TYPE
N IS NO.OF (0~C)SQ.INCLUDED IN SUM
TYPE.IF N 1S NOT 0,GETS CORRES.SUM
COMPUTES R.M.S.FOR TYPE.PRINTS TYPE

280
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NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 102
K VALUE = 02360

/7
LINEAR EQUATIONS SOLUTION
FUNCTION
19
02381 ana19 =
00018400013
14.16
! 20
g o b oy
[] BEGIN 00001 ’
| S S —1 o002 =
00018+00015
2
00005 = (00001 + 21
(00003 )
00021 =
0001 3-00009
3
00006 = (D002 + 22
(©0003))
onog2 =
0002100015
4
oooor = 23
00008+00003
on0e3 =
00022+00013
5
o015 = 24
+00009
00024 =
00023+00007
25
00025 = (@0001 +
@0019))
26
00026 = (@0001 +
(00024))
27
g e | e ey
i ] FOR TEST ]
00025 = (D003 + [ . —— w—— b

(00003))

281



]
0002¢ = (00004 +
(©0003))
9
00027 =
00026 /00025
10

= 00027

(©0001 + (0O0004))

02370 11
Pl i —
[] BEGIN DOO1O .
b o— —
12
| ooo11 = ooooe ]
103.12
02372 13
———_
[] BEGIN 00012 ’
| S ——— — w—
14

| 00013 = ooooe ]

02374 15
— e |y
] BEGIN 00014 [
A
16
00016 =
0001500011
102 .43 ~—tie—i
02377 17
g e b ey
’ BEGIN 00017 ]
[ R —
18
0oma =
00016+00007

28
} 02751 :
2 | smmouting
o } INPUT 00026
1 | Reswr 00027
29
— o — =
. FOR TEST []
[ — —— p—
30
H 02751
2 | suerouTINE
5 1 neur oooes
;7 | rReEswT ooo2s

COMPARE. 00028
TO 00027

LO/EQ
02339 32
— e ey
] BEGIN DOO29 []
i —
33
00030 =
00025 /30026
103,06 smemree]
02391

BEGIN 00031

34
— e —y
]
—

35

00032 = (00001 +
100193

282

PAGE 102 CONTINUED

02393

">

BEGIN 00038
—

42
00019 =
00009+00019
43
HI
COMPARE 00019
TO 00U20
(B) Yo
02377
44
o024 = |
00009+00024




PAGE 103

NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 02360

Vo

00034 =
0003000033

00035 =
00032-00034

(0001 + (C0019))
= 00035

00019 =
00009+00019

HIGH

>

02397 10
e e | e
* v eecinoooar )
e e J—
11
nao1g =
00009+0001 1

COMPARE. (¥J(119

02391

3
0OO13 =
O0009+00013
]
AN
HIGH
COMPARE 00013 -

TO Ooo11 Q

02399

092377

283



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIvI
K VALUE = 02360

02399
103.12

1

RN | —

. BEGIN 39 ’

[ S, —— — pu— §

2

[ o911 = oooos |

n2ano 3

— et —— —

(] BEGIN 00040 []

[ S a— — —t

4

r7 00041 = 00006

104,30
02402

— —
] BEGIN 10042
L S

6
onn43 =
0001530041

7
00044 =
00007+00043
8
00045 =
00044-00015
9
00046 = (00001
00044))
02407 10
e e |
s BEGIN D004T N
B e
11

[ oooss = ooooe

J

284

PAGE 104

00041 =
00041 -00009

COMPARE 00009
TO (N04t

02402



PAGE 104 CONTINUED

] 21
v i
02416 l 12 L) 69049 =
——t ey 00048+00045
t . BEGIN ODOS6 ¢ A
22
00051 = (O0001 +
00049))
COMPARE DO048 23
00050 =
HI0A3+00004
LO/EQ
24
nonsa =
0005000009
14
00049 =
00048 +00045 25
00654 = (OO001 +
©aasa) )
15
o050 =
00048+00004 26
055 =
00054411051
16
o050 =
00050-00009 27
HHi46 =
0N46-00055
17
00051 = 0o +
©O049)) 23
00048 =
GO048-0G009
18
00052 =
00046 /00051
19
O00a1 + @0050))
= 00052

285



CROSS REFERENCE LISTING |

PAGE BOX LABEL REFERENCES
K VALLE = 02360
102,01 02361 14.16%
102.11 02370 102.06
102.13 p2372 103,12
'102.15 02374
102.17 02377 102.43  103.09
102.32 02389
102.34 02391 103.06
102.37 02398 102.31  102.44
103.07 02396 103,05
103.10 02397 103.09
104.01 02399 103.12
104.03 02400
104.05 o24a02 104.30
104.10 02407
104.12 02416 104,28
104.20 02413 104.13

K VALUE = 02360
9000102751 ABSOLUTE VALUE FUNCTION
VvGOa008+10000000+01
VOG009+1 00000G0+01
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NASA-GSFC MISSION ANO TRAJECTORY ANALYSIS DIVI

K VALUE = 02417

SPO_(STATION POSITION
ORTENTATION) :

l 02418 ;

10.19
1
— —t oy
] BEGIN 00001 ]
[ S cw— — pa— ]
2
00023 =
900394900358
3
9 0z271
7
o © SUBROUTINE
(2] INPUT 00023
1 RESULT 00024
4
GON24+90034
5
9 02271
7
. SUBROUTINE
0 INPUT 00042
1 | RESULT 00043
6
a0044 =
00043+90030
4
9 gg27t
4
. SUBROUTINE
o INPUT 00044
1 | RESULT 00044

P

16

90053 =
00033-00045

[w 1.}

~ois

02105
SUBROUTINE
RESULT 90054

18

90055 = noo3s |

19
56 =
0004900046
20
90057 =
000490145
21

L

90058 = oooaa |

22
90059 =
GO043::00046
23
ouen =
G004800045
24

9061 = OU047 ]

25

90062 = NOD46 1

287

PAGE 105

38
90073 =
00052430053
37
90074 . 8
900392930053
38
o0aTs =
900390054
39
0IT6 =
90039490055
40
o0oar =
00047 0048
41
00008 =
00037 -90040
42
agang =
000800008
43
00019 =
Qona7Tx00009
44
a0o13 =
00010400010
45
aaa14 =
0001 3+00009




[=1"]

“» 0.

02101

SUBROUTINE
INPUT 00044
RESULT 00045

~Nu.e Qo

o0

=G

a2101

SUBROUTINE
INPUT 90031
RESULT 00047

S o

Nl

02105

SUBROUTINE
INPUT 90031
RESULT D0048

12

00049 =
0a038-00047

13

14

15

oo0s52 =
9003900048

288

26
L 90063 = 00045 l
27
90064 = 00033 |
28
90065 =
00050490062
29
90066 =
00050490063
30
o067 =
0005090064
31
906’ =
00051 490053
32
90069 =
00051 %9154
33
9007 =
00051 #90055
34
oa07L =
00052490053
35
o072 =
00052%90054
./
Ve

PAGE 105 CONTINVED

48

»O

e

00016 =
90033400008

00017 =
00016/0001 5

ono18 =
900320048

00D19 =
00018+00017

51

00020 =
0001700010

a0021 =
90032200047

00022 =
00021 +00020

90093 =
40019400046

L/



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI
K VALUE = 02417

90094 =
00049400045

| 90095 = oooee

S

3
90096 =
90094400050
4
90097 =
90093490039

l 90098 = 00038

289

PAGE 108



PAGE 106 CONTINUED

K VALUE = 02417

99003000302 STATION LONGITUDE (RADIANS)

. 9003100303 STATION LATITUDE  (RADIANS)
Q9003200304 STATION HEIGHT (C.u.L.)
Q9003300305 DIST.FROM EARTH CENTER TO STATION (C
49003400298 LAMBDA SUB ZERO  (RADIANS)
Q003500200 T, OBSERVATION TIME IN C.U.T.
Q9003903835 ROTATION OF EARTH (RAD/C.U.T.)
Q9004003834 FLATNESS OF EARTH

Q9005300316 ¢ 1 BAR

@9005400317

@9005500318

Q9005600319 ¢ 2 BAR

Q9005700320

@9005800321

29005900322 © '3 BAR

a9006000323

@9006100324

29006200325 & 4 BAR

29006300326

290



9006400327
9006500337
Q9006600338
Q9006700339
9006300340
9006900341
Q9007000342
Q9007100343
Q07200344
QONOTING345
QITN7400346
Q9007500347
O07600348
QVOTTON328
730329
R0G7900339
Q9OOOB0O0331
Q9003100332
@Se003200333
QAGA3A334
Q908400335
Q9500336
Q902000349
Q9002100350
RO02200351
Q9002300352
Q9002400353
QANI2500354
QINO2600355
QINN2700356
Q9002800357

Q9139600313

PAGE 10A

G 1 DOT BAR

G 3 DOT BAR

G 4 DOT BAR

G 5 BAR

G 6 BAR

G 7 BAR

G 5 DOT BAR

G 6 DOT BAR

G 7 DOT BAR

CAP R BAR, STATION FOSITION VECTOR

CAP R DOT BAR, STATION VELOCITY VECT

291



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 10A CONTINUED

Q90109700314

9079800315

Q9008602271 ANGLE REDUCER
9061202105 COSINE
9061402101 SINE
9062202196 SQAUARE ROOT
00503842 2Pl

V9007 7 +10000000+01

V90a78+00000000+00

vonar 9+00000000+00

vonna0+00000000+00

vounat +10000000+01

VOO0az+00000000+00

Vo183 +00000000+00

voris4 +Ou000000+00

VOOOAas5 +1 0000000+ 01

VOO0 +00000000 +00 G 5 DOT BAR
Vvon21 +00nGannn +in

vorini2e +annanoa+00

voui23+00000000+00 G 6 DOT BAR

vou02s +00000000+00
v90026 +00000000+00 G 7 DOT BAR
voO027 +000a0000+00
VoOn2a+N000n000+0n
vOaa3 7 +10000000+01
vO0638+G0000060+00

VONG49 +GOGOOGHG +00

CROSS REFERENCE LISTING

PAGE BOX LABEL REFEREN CES

K VALUE = 02417
105.01 G2418 10,194
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NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = D2475

’ 12486 ;

LOAD AND STORE PRINT
REQUEST CARDS 197,30 5
—_ e — -
¢ BEGIN OOO11 o
| — — po—
!’32476 ;
6
1.19
1
—_— = —_
1 BEGIN DOOO1 4 READ CARD
Cor e | m—— o BCOD MODE
0012 00007
2
CNTR.=0 & o2404 7
I — b —— ——y
o008 = 00o0ns ] BEGIN 00019 [}
— —— pr— |
3 a
NO. OF CARDS : IS THIS END oF :
ORED=0) CATA
ST s e | o d
I8 = DOO0S
9

READ CARD
BCD MODE
ooo12 00007,

COMPARE 00112
TO QU065

EQL
COMPARE 00013
TO 09005

293

ND
2484 16
— e —
' BEGIN UGOT9 '
17

f HAS MAX.NO.OF |

] CARDS ALREADY ()

BEEN STORED i

13

HIGH

PAGE 107

12495 21
] BEGIN 0OQU20 (]
e - e

22

STORE THE 7 ITEMS

(90001 + (DON0A) )
= NOn42

N
(7]

COMPARE 90009
TQ 9tanas

FROM THE CARD

)
BO012 + (GOHOY))
= 00013




PAGE 107 CONTINUED

11
2 &
LO/EQ
COMPARE 0014
T 00005 24
(BH03 +» (OH003Y)
19 = DO014
YES. SEYT TO 1 FOR
ERROR EXIT
I 25
90010 = 00007
0004 + (DOOR))
= O01S
20
28
COMPARE 00015 (NINS +  (OO0R))
0 00005 = 00018
27
EQUAL
(90006 + KA
= 00017
13
28
SET = 0 FOR
NORMAL EXIT (0007 + (ODO0R))
J = quoia
S0 = HNUIS5
29
14
[ gt Sm—— — b | CNTR, +7
] YES [ I
[ T e | oaoa0s =
OO0 +00006
15
30
EXIT
{NO. OF CARDS
STORED) + (1)
5
oInga =
SN0 +00007
02436

294



K VALUE = 02475

Q9000103100 1 ST LOC. OF STORAGE FOR CARDS
®9000203101 2 ND STG. LOC.
Q9000303102 3 RD STG¢. tOC.
Q9000403103 4 TH STG. LOC.
Q9000503104 5 TH ST@. LocC.
R900N603105 6 TH STG. LOC.
Q9UONTO3106 7 TH ST6. LOC.
R9OONARNNOGEN NO. OF CARDS STORED
9000900495 MAX.NO. OF CARDS ALLOWED
Q@onN1100191 ERROR EXIT
va0gas +00000000+00 (LOADS IN CARDS AND STORES
vO006 + 7 0000050+01 CONTENTS IN TABLE.)
V0607 +10000000+01
CROSS REFERENCE LISTING
PAGE BOX LABEL REFERENCES

K VALUE = D2475

1g7.m 02476 1.19%
107 .05 02486 107.30
14ar.07 12494 107.04
1ﬂ7.16 02484 197.09 107.10 1ar.11 1a97.12
10r.21 02495 1a7.18
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NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 108

K VALUE = 02520

QUTPUT SCALE
ERTER USES LOCATIONS 1 TO
128 18
0a0o07 =
ZDZSZI ? +10006a05+01
) 1 19
—_——t—
s BEGIN 00001 ] o008 =
e s | — — +T0000000 +01
2
20
aoons =
+10000000+01 non09 =
+SOOGG00+00
3
21
00006 = —_ —— =
+10000000+02 H NAME 00011 '
[ S o i pa—
22
I 00007 = 90001 ] Gan1g = O0001 +
G003 )
' 5
23
ooo0or =
DOOOT+00007 00010 =
00005 +006103 -
n254% 33
6 ———_
24 ’ BEGIN 000620 []
oooos = HE s
+000000003+00
7
00009 = 25
noans /00607
COMPARE 10007
TO G010 02541
HIGH —_ b —
a COMPARE 090111 ' BEGIN 00021
TO NOOOS —
non11 =
+45000000+02
00011 =
9 9001 2-00008
A (00030 + (O0008))
= nonge
t O

296



A NAME
e —

a0aa1

© O

11

00003 =
099008+00005

0069 =
000090106

Q0030 +

(L0003) )

= 00069

HI

COMPARE. 00011
TO 00003

LOrEQ

15

o5 =
00000000 +00)

17

aonas =
O0006+00006

L/

26
Umig =
FION5-60G149
27
06025 =
-15000G09+01

COMPARE. 00010
TO 00005

LO/ZEQ

02649
— —
[ BEGIN 00129
R

28

HIGH

31

OOTh2 +  (GG054) )
= GLOGGS

32
EXIT
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PAGE 108 CONTINUED .

35
L 02596
n
2| susroutine s
1 b 1neur Dooto
RESULT 00012
3 . A

COMPARE (0612
TO GGO6R

LO/EQ

37

000613 =

N4 =
OO1GA00013

45

2543

O

[

00013 = (ON30 +
[ S RN
43
nang4 =
nMN1G/a0013
46
aaa1s =
01 4 0006
47
L1
DS =
GO0 $+00009

COMPARE 00015
TO OOma

42543

50

GOO15 =
a601 5 +00009

12543



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIvVI PAGE 109
K VALUE = 02520

Zozsaz 7 Zozsss 7 /T
108.34 169 . G3 o] mgéggs 33
1 19 0
— == — == o BEGIN 00986 4
¢ BEGIN 00022 4 y  BEGIN 00076 4 aad
—_— e . — - o el 2 | S— —— ——— e
2 20 36
00016 = G000 = (0076 + quars 1 0T
a0097 /90010 @0aT8) ) _ = Ounsa
3 21
T N2596 r A8 = 00082 I
2 SUDROUTINE '
: 1 Iweut noGt
5 | resuT ootz 22 n2597
r R — I
a
0011 = (265 - 23
GO 2 +0019 — — = 3
\ BEGIN DNQ35
[ S —— — a—)
5
24
agote =
QN5 -N01 2 c =
WL /GRS
6
aonT3 = G030+
@0113)
7 COMPARE 00GG7
T 0081
nno14 =
001024309913
a
noos =
01 4500006
G0nas =
GOGA4 SA0081
A
2

298



COMPARE 00017
T0 000158

N

Loseq
19
00013 = (00029 +
@0011))
11
00014 =
00010400013
12
00015 =
0001 4400006
13
00012 =
GO0t 2+00007
02543 14
—_— 5
v BEGIN DOOZ3 o
— L —— sl
15
aoa15 =
00015400025
16
Q0001 + (©O004))
= 00015
17
Oona2 + (o))
. = aoo12
18
EXIT

HI

PAGE 109 CONTINUED

LO/EQR
28
0087 = (00091 +
(O0034))

02609 33
— iy
'] BEGIN 00039 ]
—— — ]
34

00084 =

G034 ~00081

31

COMPARE Litiia7
TO OGGAG

LO/ER

32

00034 =
60034 +G0031

L/
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MISCELLANEQUS STATEMENTS

PAGE POX

vi30113+10000000+23
V00114 +10006000+24
Vo115 +10000000+2%
V001 1641 0000000+26
V011 7+10000000+27
v00118+10000000+28
vO0119+10000000+29
V01 20+10000000+30
v00121 +10000000+31
vOO122+10000000+32
V00123 +10000000+33
V00124 +10000000+34
v00125 +10000000+35
V00126 +10000000+36
V00127 +10000000+37
v00128+10000000+38

CROSS REFERENCE LISTING

LABEL REFERENCES

K VALUE = 02520

108.01

108.29
108.33
108.42
109.01
109.14
109.19
109.23
109.33
109.35

02521 8.06x%
18.29%
137.15%
138.42%
138.31x%
139.32%
160.12%
02649
02540 108.25
02541 108.36
g2542 108.34
02543 108.41
02596 108.35%
aze05 119.29

02609 109.27
02606 109.25

17.22%

20.19%
137.17%
138.14%
138.33x%
140.03%
160.14%

108.28

108.49

109.93%
109.31

17.25%

20.22x%
137.19%
138.16%
138.35%
140.05%
160 .24%

108.50

109.34

300

18.08%

20.25%
137.21%
138.18%
138.37x
140.07%
160.26%

109.09

18.16%
20.29%
137.23%
138.20%

139.08%
140.09%
160.,28%

18.18%
100.28%
137.2%%
138.27%

139.10%
160.08%
160.30%

PAGE

18.2"»
108.14
138.10%
138.29%

139.30%
100.10%

11

A



K VALUE = 02520

Q9000103841

VODO17 +10000000+09
vOO018+99999999+07
VO0019+80000000+01
VOOO028+10000000+08
VOOO82+64000000+02
VOOO83+20000000+01
VOO0e0+37000000+02
VOO091 +10000000+01
VOON92+1 0000000 +02
vOOO93+10000000+03
VOO094 +10000000+04
VOO095 +10000000+05
VOOO96 +10000000+06
VOOO97 +10000000+07
VIO098+1 0000000+08
VODD99+10000000+09
VOD100+10000000+10
vOa101 +100000060+1 1
VOO102+10000000+12
VOO103+10000000+13
VOO104 +10000000+14
vOD105+10000000+15
VOD106 +10000000+16
VOD107 +10000000+17
VOO1 08+10000000+18
vO0109+10000000+19
v00110+10000000+20
vOD111+10000000+21
vO0112+10000000+22

301
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K VALUE = 02650

gIER USES LOCATIONS 1 TO

02651

[=]
—]

1
P e I —
' BEGIN 00001 1
[ S i — —
2
00006 =
+4 0000000 +02
3

I 00007 = 90001

W

4
00007 =
oa007+00007
5
00009 =
000as /00007

l 00015 = 00009

7
oon1G =
+a000000+00
a
— — —_
' NAME 00001 '
TR CI - |
N 9
nonin =
0010+00008
1

COMPARE 00013
TO 50065

PAGE 110

19

0003 =
O0005-00013

20

[ o013 = o015 +
O13))

12 =
06013

:..:n
bt
]
-
NG

23

+ (L00G4) )
12

24
EXIT

302

(2664 23
[} BEGIN 00014 3
S — —

26
00013 = (0015 +
oM 3y
27
o012 =
0001 240007
28
0012 =
0001240013
29
[ L0001+ (00004))
= qaoaie
30
EXIT



HI

140
00009 =
0000900008
1
00015 + (Q0010))
= DOOOO
12
COMPARE 00011
TO 00010
LO/ER
13
— — ——
:- NAME 00001 ’
LY — — el
14
00006 =
+80000000+01
15
oga12 = @000 +
(©OO003) )
16
o0a13 = Q0002 +
(D0003) )
17
o3 =
0001 3-00006
L/
I

303

PAGE 110 CONTINUED



PAGE BOX L ABEL
K VALUE = 02650
110.01 02651

1110.25 02664

K VALUE = 02650
Q90001013841
vOOO0s5 +00000000+00
vOO008+10000000+01
Vo001 1 +46000000+02

CROSS REFERENCE LISTING

5.29%
119.07%
122.09%
125.41%
141 .10%
151 .09%
110.18

REFERENCES

5.30%
119.08%
122.11%
125.43%
141 .12%
151 .11%

5.31%
119.09%
122.13%
125 .45%
j41.14x%
151.13%

304

5.32%
119.11x
122.15%
126.02%
149.33%
151 .35%

5.33%
119.12%
122.17%
141 .04x%
149,.34%
151.17%

110.12

119,.13%
125.37%
141 .06%
151.05%
131 .19%

113.13#
122.07%
125.39%
141 .08%
151 .07%
151.21%



LO/EQ

NAME 00001 ]

6

15 OBS. RA —:
R.

_RaE

COMPARE 90004
TO 00007

DIFFERENCING 1S NOT REQ.

02729 12
e e | ey
] BEGIN 00009 s
b o
13
: COME AFTER '
FIRST TIME
14
— —t
(] NAME 00001 [}
|
15
EX1T
8
HIGH
Q2125 18
0 BEGIN UDOOS 1
17
00006 = (00010 +
9 (90005) )
18
o0003 =
10 9O003-00006
19

305



K VALUE = O2red

29000100246
aeOnUZN0258
29000300392
@90004002573
29000500069
@9000602008 DIFF. IND. (DIFF. IF IND.=0)
VOO007 +90000000+01
vaa0as+00000000+00
CROSS REFERENCE LISTING
PAGE BOX LABEL REFERENCES
K VALUE = 02720

111.01 o2721 11.33%  13.11%

111.12 02729 111.03

111.18 02725 111.08

306



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 112
K VALUE = 92750

ABSOLUTE VALUE FUNCTION

! 02751 ;

11 .35 seatipmemi '
P R e
[} BEGIN 00001 []
B — —— el

2

o005 = (0001 +
(C0003) )

02756 4
—_—t
s BEGIN DOODE o
— meemg. —
azrsv 5
agoas =
l [OOGA 00005
azrs7 s

-~

¢

@0001 + (D0004))
= 5

EXIT

307



K VALUE = 02750
v00008+00000000+400

PAGE BOX LABEL

k vALUE = 02750

112.01 02751
112.04 02756
112.06 02757

REFERENCES
11.35%  34.03x%
44.09% 44.24%
46,24% 46.39%
48.39% 49.09%
51.09% 51.26x%
53.26k  53.43x%

102.28% 102.30%
179.22% 183.14x%
112.03

112.03 112.03

42.20%
44 . 39%
47 .09%
49.26%
51.43%
54 .09%
120,.51%

308

CROSS REFERENCE LISTING

42.35%
45.,09%
47 .24%
49.43%
52.09%
54.26%
121 .01%

43.09%
45.24x%
47 .39%
50 .09%
52.26%
54.43%
158.13%

43.24%
45.39%
48.09%
50.26%
52.43%
55.09%
158.15%

43.39%
46 ,09%
48 .24%
$0.43%
33.09%
35.26%
179.13%



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALWE = 02760

ONE-WORD LOAD (PRINTS
LOC.+ VALUE FROM COL

!'32]61 ;

1 . 10} coomafored
1
= b e —
s BEGIN --_\1 ]
e c— ——
2
WRITE PRINTER
BCD MODE
00000 00005,
3
WRITE TAPE O
8CDO MODE
00000 00005,
02167 4 A
o e,y
. BEGIN DOOO7 ]
[ —
5

READ
BCD
00a09

COMPARE 00009
10 G0006 /

A
®

309

'12 reg

l BEGIN 0000

it

PAGE 113



PAGE 113 CONTINUED

EQUAL )

WRITE PRINTER,

I
|
l.Ja

EXIT
WRITE TAPE ©

BCD MODE
090009 00005,

13

02651

SUBROUT INE
INPUT 00010
RESULT DOO1D

e e (D

14

(90001 + (OD09)Y)
= Q0610

A

310



"NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI
CROSS-REFERENCE LISTING

PAGE BOX LABEL' REFERENCES

113.01 o2ret 1.10% 2.23% 3.03%

113.04 02167 113.14

113.10 02768 113.07

K VALUE = 02760

@9000100000
Q9nnn202651 INPUT CONVERTER
v000a5+10000000+01 1-17 + ALPHABETIC IDENT.FROM COLS.3
v0000e+00000000+00 OF EACH CARD LOADED. USES 19 LOCS.)

311
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NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 114

K VALUE = 02800

OBSERVATION LOAD FUNCTION

02801
K 1
e - —
[] N 00001 [
e — oo el
2

onoos = (0001 +
(O0003))

(']

READ TAPE B
BINARY MODE
o0a21 00020,

L)s

g— ——
[} BAD REC.
[ S —

1

312



PAGE 114 CONTINUED:

- cocn_ec.

COMPARE 91000
091000

A V
02810 17
e e | amm oy
] BEGIN 00010 .
e ey b
12
YES com}:camu
onong =
UDJ9+90015
COMPARE 00025
13 TO 9009%
—_— = —_
[ ENU.&H ATTEM’TS ]
HI
02301
A
READ TAPE B
BINARY MODE
000G 91003
16
— ——_—
[] TRY AGAIN s
| S o — —— — |
<

313



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI
K VALUE = 02800

l 02807 ?

114,05 cmsjprmeri .
oo omem | e oy
A BEGIN 00007 [l
Soaens — )

2

CORRECT SAT. ID-:-"

N

s
COMPARE, 00021
TO 90095
EGUAL
4
UNPACK }R MO DY
o013 =
40025 /00017
5

00070 = INTEGRAL
PART COF DOO13

YR.OOOO X 10#%ck4
)

ooa77 =
0007000017

YR MM DY - YROOOO
I

00013 =
o0025-00077

oza1a 17
—_—
¢ BEGIN 00014 o
18
o e by
s oF DATA 3
R |
19
COMPARE 00021
10 0007
EQUAL
o2are 20
—_—l— 5
y  BEGIN 0DOTS o
ST "
21
| o003 = oonte ;j

314

02803 23
0 BEGIN 00008 [
24

00013 =

ao016-00015
25
(O0oa1 -+ (000094))
= 00013
26
EXIT

PAGE, 115 -

27

o074 =
o007T3+00074

28

 0ooTs =
00074300012

00073 =
Bo073+00027

| o0035 = oover

31

[47 00068 = 90096

32

l (0069 = 90097

33

03351

O N

SUBROUTINE
INPUT 00068
RESULT 00072

e T3

STORE J.D. AND
I
90003 = 0unT2

SECONDS OF Bs.,
90004 = QODTS




» .
oun;x EY
00013/00018
9

10
MO0
4
00077 =
00071400018
11
MDY ; MO0
o072 =
00013-00077
12
00074 =
00026,00D18
13
o0or3 =

INTEGRAL
PART OF 00074

14

0oorr =
00073200018

15

o0074 =
0o026-00077

16

onors =
00012400073

315

PAGE 115 CONTIMUELD.

O (30

g

@SE}ATIGI
90055 = 00035

RHO 1, RANGE
MEASUREMENT
INT&}VAL
90056 = 00023

EQUATORIAL OR
POLAR 1DENT.

A ;
90005 = 00039

41

Bs. m;e cone
90053 = 00040

STATION
I
90030 = 00041

LABEL




NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 116
K VAL\E = DZOCIJ

"4
/1
1
x.onc}rwe
90032 = 00043
2
LATITUOE
90033 = 00044
3
HEIGHT IN C.u.L.
90034 = 00045
4
| 9oo3e = ooo3r |
5
| 002 = oooes |
6
Oo00L + (00D04))
= 15
7

316



CROSS REFERENCE LISTING |

PAGE BOX LABEL | REFERENCES
K VALUE = D2800
114.01 02801 10.07% 114.05 114.18
114.08 02811 114,03
114.08 02006  114.16
114,17 02610 114,11
115.01 g2e07 114.05 114.18
115.17 02014 115.03
115.20 02876
115.23 0ze08 115.19
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K VALUE = 02800

Q9000000200 TO)

®9000200245 OBSERVATION COUNTER
Q9000300378 3.0 TIME OF
@9000400379 SECONDS oBs.
@2000700007

Q9003000300 STATION LABEL

@9003100301

Q9003200302 LONG I TUDE

Q9003300303 LATITUDE

Q9003400304 HEIGHT

Q9003500246 RANGE RATE CODE

@9003600259

Q9000500497 EQUATORIAL OR POLAR IDENT.
Q9005300253 0BS. TYPE GODE

Q9005500255 OBSERVATION

Q9005600396 RHO 1,RANGE MEASUREMENT INTERVAL IN
Q9009500295 SAT. 1D,

Q9009600296 YREF

Q9009700297 DREF

9009803351 OBS. DATE TO DAY COUNT
Q9009903376 JULIAN DAYS-SECONDS TO C.U.T.
@9100000000 LOC. ZERO

9100100459 BAD RECORD IND.

Q9100200460 NO.OF READ ATTEMPTS
Q9100303812 MINUS ONE (TO BACKSPACE ONE RECORD)
Q9001000061 TRANSFER POINT FOR BAD TAPE ON T8
V0001 2+60000000+02

VO0015+10000000+01 ONE

V00016 +00000000+00 ZERO

vOOOo1 7 +10000000+05 104004

VOO018+10000000+03 10802

VO0020+48000000+02 NO. OF INPUT WORDS

vO0075+99999999+08

ENG SENTINEL

318



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 02935

’

ELEMENT LOAD (CONVERSION

OF ELEMENTS)
ELEMENY TYPE 1 2 3

=,

3 .06 wedpor]
o e |
0 BEGIN 00001
L

TO 00019

l.J.

2
f 1S THIS NORMAL '
| ENTRY (INPUT ON

CARDS OR TA
e -

—

03017

BEGIN 0002

]

2

/.

319

PAGE 117

[==]

117 04 cememeued

— —
[ BEGIN 00005
-

READ TAPE B
B8CO MODE
00030 00024

~—
] BEGIN 0DDDS
[

11

YY HOLD QUT DATE
J
90041 = DOO31

MM AND TIME OF
ELEMENTS

]
90042 = 00032

DD ENTS
¥
90043 = 00033

HH
)
90044 = DOO34

MM
)
90045 = 00033

®



O/EQ

02978

320

PAGE 117 CONTINUED

18

20
WRITE TAPE D
BCD MODE
00000 021
WRITE PRINTER
BCD MODE
00000 00021
22

WRITE TAPE D
BCD MODE
o031 21

N

23

WRITE PRINTER
BCD MOOE
00031 00021

RN




K VALUE = 02935

117.01
217.06
117.08
117.10
i1i18.16
118.26
118.28
119.01
119.15
120.32
121.04
121.06
121 .09
122.014
122.41
123.28
123.40
‘i25.02
125.30
125.35

02936
03017
02940
02941
02978
02942
02943
02946
02944
03020
03016
02964
02949
02947
02952
02953
02979
03005
02948
03026

3.06% 30.33%

117.05
117.04
117.07
117.05
118.24
118.25

117.03
120.25
121.02
120.42
120.42

126.03
123.27
123.27
120,40
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118.05

121.03

121.30

121.05



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIV] PAGE 12 A

K VALUE = 02935

09000101401 A, SEWMI-MAJOR AXIS IN C.U.L. o
Q9000201102 £, ECCENTRICITY o
Q9000301103 MU, TRUE ANOMALY IN RADIANS o
@9000401104 RSUB I  SATELLITE POSITION 1
Q900501105 R SUB J VECTOR IN C.U.L. 1
Q9000801106 R SUB K 1
Q9000701107 VSUBI  SATELLITE VELOCITY 1
Q9000801108 v SuB J VECTOR IN CWL./CUT 1
Q9000901109 v SUB K 1
Q9001001110 R O, MAG. OF R BAR o
Q9001101111 V 0, MAG. OF Vv BAR o
@9n01201112 ANGLE DELTA IN RADIANS o
Q9001301113 M, MEAN ANOMALY IN RADIANS o
a90D1401114 PHI, ORSITAL AZIMUTH IN RADIANS O
Q9001501115 SMALL OMEGA,ARG.CF PERIGEE IN RAD O
Qo001601116 1, INCLINATION IN RADIANS o
@e001701117 CAP OMEGA,LONG .OF ASC.NODE IN RAD O
@9001801118 THETA (ELEVATION V) IN RADIANS ©
@9001901119 N, MEAN MOTION IN RAD/C.U.T. o
Q9002000090 MORMAL OR SPECIAL ENTRY IND, I
Q9002203852 MU 1
@e002702651 INPUT CONVERTER F
Q9002903964 J 1
Q9003003351 OBSERVED DATE 7O J.D. F
Q9003103376 JULIAN DAYS, SECONDS TO C.U.T. F
@9003200295 SATELLITE ID. NO. 1
Q9003300296 YEAR OF REFERENCE (LAST 2 DIGITS) I
@O003400297 DAYS JAN.1 ~ DAY OF REFERENCE 1
@9n03501123 PERICD IN C.U.T. o
Q9003601125 HEIGHT OF APOGEE IN C.U.L. o
Q9nn3T01122 CAP OMEGA DOT IN RADIANS / CUT  ©
Q9003801121 SMALL OMEGA DOT IN RADIANS/CUT ©
99003901124 HEIGHT OF PERIGEE IN C.U.L. o
@9004001120 CAP E, ECCENTRIC ANOMALY IN RAD ©
@9004101190 YEAR DATE AND TIME o
49004201191 MONTH OF ELEMENTS °
@9004301192 DAY °
Q9004401193 HOUR °
a9004501194 MINUTE °

322



WASA-GSFC WISSION AND TRAJECTORY AMALYSIS DIV¥1 PACE 13 A

7

MW004S01195 (SECONDS) (1000)

o
Q9005000005 OOL .69 OF TINE CARD (PERY.OPTION) O
/aaoszmau TYPE OF INPUT ELEMENTY o
Q3007500044 CARD INPUT CPTION INS. 1
Q9007800040 TAPE INPUT OPTION 19D. 1
Q9007800042 ON-LINE PRINTOUT GPTION IND. t
QS00TI02TSL ABSOLUTE VALUE L
Q9008002271 AGLE REDUCER (0 TO 2 PI) F
_ @s00e102011 VECTOR MAGNITUDE -
@9008202021 VECTOR DIRECTION F
3008302051 0OT -PRODUCT F
@9008402087 va + 2 o
QaO08502085 ve )
Q9008602001 VECTOR MOVE F
@9008702076 SCALAR-VECTOR MULTIPLY F
Q9003802081 CROSS PRODUCT F
Q9008902031 VECTOR ADD ¥
Q9009002041 VECTOR SUBTRACT F
Q9009102101 SIN F
@9009202105 s F
Q9009302196 SQUARE ROOT F
Q9009402216 KEPLER 3
Q009502246 ARC TAN (Y/X) F
Q9009602166 ARC Q0S F
@s009702156 ARC SIN F
®9010001100 T (O, TIME OF ELEMENTS IN CUT  ©
QU002203842 2Pl 1
QOOO7303839 PI 1
¥OO019+00000000+00
vOo0a20+00000000+00
vo0o021 +108000000+01
vO0023 +10000000+04
V00024 +60000000+02
V00026 +10000000+01
vOn027 +00000000+00
vOnO028 +00000000+00
V00083 +50000000-08 S. P. TOLERANCE FOR ZERO €
vO0O71+40000000+01
vOOGT72+50000000+01
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"4 "4
e /]
1 19
I
WRITE TAPE D 00032 = 90034
BCD MODE
00000 00021
20
. i 10 T
e N
WRITE PRINTER
BCD MODE 21
£ODO0 00021 '
2 03351
9 1 surouTINE
3 g | _INPUT 0OO31
? | resuT ooo3s
22
: JULTAN mvs—secs-.-:
C.U.T.

1

3 03376

0 1

o | _INPUT OOO35
1 | REsuT 90100

02978 16

— e | e
' BEGIN 00043 '
— - el

02942
g
] BEGIN 000OT
[
17

0001 + (O0004))
= 00024

00001 + (00004))
= 00019 READ TAPE B
18 oogCD MODE
30
READ CARD 90021
C
02943
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SEME MCOY
000&-:
000636,/00023
s
HOURS w’imms
00034 =
00034400024
s
MINUTES PLUS
MINUTES
1
00035 =
00034400035
10
MINUTES TO
sEcoros
00038 =
00035400024
11
SECONDS
7
00036 =
00035+00036
12
oooss = ooos3 |
13
00034 = 00032 ]
14
00033 = 00031 J
15

00031 = 90033
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K VALUE = 02938

[=]
1
s o o—
IN 00011 .
-—— , wwee  oeed
2
WRITE PRINTER
BCD MODE
00000 00021
-3
WRITE TAPE D
BCD MODE
00000 00021
4
WRITE TAFE D
BCD MODE
00030 aov21,
5

H 02651

O 1 susmourine
& | _iweur Doo30
7 | neswt 90004

s
r
18
P ——— —— q
1 RO ]
S P ]
17
g' 02011 )
. SUBROUTINE
1] INPUT 90004
1 [ RESULT 90010
18
e e Vo oy
] Vo [
U S —
19
g 02011
o SUBROUTINE.
s} INPUT 90007
1 | RESULT 90011
20
P I —
[ ] R« []
fe e i
21
g 02021
. SUBROUTINE
o INPUT 90004
1 RESUWLT 00050
22
P e S p——
] Vi ]
U
2 02021
6 SUBROUTINE
1
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3
8 ozos1
8
. 10 3
0 | Ineut 00019
1 | rEsuLT 90063
33
P ——— ——— q
0 OMEGA BAR 0
G o - —b
34
2 ozo21
. SUBROUTINE
0 INPUT 90083
1 | RESWL.T ODOSE
38
g 02001
. SUBROUT INE
a INPUT 00019
1 | REsuLT 90085
36
8 02051
7
. SUBROUTINE
0 INPUT 00053
1 | REsLLT DOOS9
37
—_— =l 5
' 1 '
b e, e ed
38
9 02166
2
. SUBROUTINE
g INPUT 00059
1 | RESWLT 90D16




8
! a2651
91 sweroutine
¢ | 1neut ooo32
9 | resut 90005
9
H 02651
9 1 sueroutine
& | _neut ooo3s
? | resucr s0006
, 10
— b —
4 V BARS [ ]
| S, — —
11
: 02651
91 suBroUTIN
5 | 1veut ooo3e
? | reswr oo007
12
1 02651
91 susrouTINg
,j INPUT 00038
1 RESULT 90003
13
1 nN2651
01 susrouTInE
6 INPUT 0040
4 RESWL.T 90009
14
I converT PoS. AND

| VEL. VECTORS TO
ELEMENTS
-~

—

117,03 meemsad
02944

BEGIN 00009

B

L/

15

24
] 02051
7
. SUBROUTINE
9 INPUT 00050
1 | RESWLT 00053
25
9 02156
1
R SUBROUTINE
a INPUT 00053
1 § RESULT 00053
26
90018 =
00020-00053
27
a 02001
2
. SUBROUT INE
I} INPUT 90007
1 | rEsULT 9M85
28
a 02061
a
. SUBROUT INE
& INPUT 900134
1 | RESULT 0053
29
— o —_—
N ALPHA BAR '
| S . QU e |
30
8 2021
4
. SUBROUTINE
g INPUT 00053
1 | RESWLT 00053
M
3 n2001
2
) SUBROUTINE
a INPUT 500353
1 | RESULT 90985
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O,

39

“wile NG

02001

SUBROUTINE
INPUT DOOZS
RESULT 90033

40

~%

e

02051

SUBROUTINE
INPUT 000356
RESWLY 00060

41

n®

02001

SUBROUTINE
INPUT 00056
RESULT 90085

42

% ®

[~ e Y

02061

SUBROUTINE
INPUT 00026
RESULT 90085

43

~ %

[E R =¥y

02051

SUBROUTINE
INPUT 00019
RESULT 00059

[

CAP OMEGA

[« X'7]

-

02246

SUBROUT INE
INPUT 00059
RESULY 90017

0N

e

02001

SUBROUTINE
INPUT 000656
RESULT 90G35

L/



K VALUE = 62935

/__/

~®

-

02051

SUBROUTINE
INPUT 00050
RESULT 00064

=g N

02001

SUBROUTINE
INPUT D0050
RESW.T 90035

02061

SUBROUTINE
INPUT 0D0056
RESULT 90035

~N®

Y=Y

02051

SUBROUTINE
INPUT 00053
RESULT 00059

[ 1

-5

02246

SUBROUT INE
INPUT 00059
RESULT 90114

~N W

-

02271

SUBROUT INE
INPUT 90014
RESULT 90014

MU2

!
00659 =
UN22 #9122
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/T
16
3 O2001
2
. SUBROUT INE
a] INPUT 90004
1 RESULT 90085
17
e = em— ey
1+ RO BAR DOT V0 BAR »
s e, e eaead
13
a8 02051
7
. SUBROUTINE
L&} INPUT 90007
1 RESULT 00060
19
0006 =
06000060
20
(RO BAR DOT VO
BAR) #%i2/A
I
aooen =
00060 /790001
21
Edex2
I
00659 =
O0059+00060

22
f———___._'
L E N
e e —

23
9 02196
4
. SUBROUTINE
G INPUT D005
1 | RESULT 910092
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7
/7
a

9 02166
2
. SUBROUTINE
] INPUT 00060
1 RESWLT 90003

HI

02349

COMPARE 00027

LOW

(1+E)

'
00065 =
00021 +90002

1-e)

00066 =
00021 -90a02

00067 =
90022490022

00067 =
00967 /90001

aonea =
00065 /00066
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M2 RO

7
00060 =
0005990010

M2

I
00059 =
00059+00059

VO

00061 =
90011430011

11

ROMOIR2
J

ao061 =
0006190010

12

onns59 =
0005900061

A
I
90001 =
0006a /00059

0aus9 =
00061 -00a21

-
v

(ROVO#32 -1) 42
I

00059 =
0005900059

L/

—
!

24

15 E LESS THAN ’
TOLERANCE

25

COMPARE 00083
TO 90002 -

26

(t-E2)
I

OGed =
021 -00059

aonen =
90001 200060

a00en =
00060-90010

00061 =
0062490015

30

aa0en =
060064 /00061

HIGH

a3020

32

— — —y

BEGIN 00085 4

S — —— —t
33

otttz = an020 J

34

9003 = Nan2n ]

35

90013 = OOo2o ]

38

90015 = HI2G J

37

onn12 = 90514 J

3a

02196

SUBROUTINE
INPUT 90001
RESWLT D006

OO060G
00060

MiG19 =
922 /0Gnen

a3aa5
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W

I
o0usy =
OO067 200063

a0

-G

02196

SUBROUT INE
INPUT QU063
RESULT 00063

00069 =
90011 -00063

51

e an

02751

SUBROUTINE
INPUT OU069
RESULT Q0069

00063 =
NOG66 /0065

53

anuea =
NOneTO006a8

Lo e]

(SR

62196

SUBROUTINE
INPUT 00063
RESULT 06068

aau6s =
90011 00063
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Ve
1
H 02751
2 | suBrOUTINE
o | 1veur oooss
? | resur ooes

03016
BEGIN

—

o033

02949

120.42
6
. BEGIN 00029 1
7
3 =
00n22-90003
a
& ON ANGLE THETA ]
e e | e —d
02049 3
— — ey
(3 BEGIN 00014 []
e e, — —d
10
061 =
QU2+ 0006s
11
aone2 =
OO06e0x90002
12
aonez =
60021 +00062
13
Cos E
I
anoer =
00661 /G062
14
aoae3 =
9INN2%30G02
15
G063 =
G102l -nanes
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7

24

M)

90013 =
90040 -00061

n0Ys =
9001 4-90003

~o

=

02271

SUBROUTINE
INPUT 90015
RESWLT 90015

27

9012 = M4

28

80

e

02196

SUBROUT INE
INPUT 30001
RESULT 00060

1)
90019 =
90022 n0uen
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i86
9 02196
4
. SUBROUTINE
q INPUT 00063
1 RESULT DDOS3
17
P B
SIN N [)
L |
18
9 ge101
a]
. SUBROUTINE
a INPUT 90003
1 RESWLT 00064
19
00063 =
0640063
20
SIN E
1}
00060 =
00063 /00062
21
— o — oy
CAP E ]
b e | e ammd)
22
9 n2246
6
. SUBROUT INE
5] INPUT 0O0O060
1 RESULT 90044
23
oone1 =
N2:00060
Ve
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K VALUE = 02935

! 02947 ;

—
[] BEGIN 00012
[ W,

2
WRITE PRINTER
BCD MODE
00000 00021
3

WRITE TAPE D
B8CD MODE
00000 00021

5
WRITE PRINTER
BCD MODE
a0a30 00021

17

O e pf

> e

SUBROUTINE
INPUT 00040
RESULT 90017

1a

]
00064 = 90002

19

0063 = 90013 1

&
~— — —— b |
] A ]
[ S— o ——— )

7

H 02651

91 susrouTINE

5 1 neur onoso
T | resut onnas

a
—_——
[} ]
[ W — —

20
w— — —y
e
—

—
. CAP E
b — e
21
9 2216
5
. SUBROUTINE
[x INPUT 00063
1 RESULT 90040
22
o —
) COSE ]
B —, —
23
9 621065
1]
. SUBROUTINE
3 INPUT 9040
7 I RESULT 00065

24
SINE []
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1

34
00052 =
00052 /0050
35
— e
. NY ]
36
9 02246
6
. SUBROUTINE
a INPUT 00052
1 RESULT 90063
37
PHI
I
90014 =
SIII+UILS
3a
9 02271
7
. SUBROUTINE
C INPUT 90014
1 RESULT 919914
39

| 90012 = onn1a j

40
00016 =
HO0000090+060
126.03
02952 41

S .
] BEGIN U0O17 ’
e e | m—— il
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| 9

H 02651
3] suBrROUTINE
5 | ineut ooo3e
? | resuLt 90002
10
—_— = —
] 1 [
| N —— — PR ]
11
1
! 02651
91 suerouting
5 | ineut 00034
? | resut 9v016
12
—_———_
] M [ ]
| S —— — -}
13
1 0265
! 02651
04 suBrROUTINE
5 | 1eur ooo3e
7 | resut o0013
14
— ——_
' LL OMEGA
e e
15
! n2651
21 suBrROUTINE
5 | eur ooose
7 | resuT 9n015
16
—ll—_ =
] CAP OMEGA [
| S — — —l

25

Qo

Lo =

02101
SUBROUTINE
INPUT 90040

RESULT 00066

26

050 =
90002400065

27

(1-E COSE)
I

a00sa =
00021 ~00055

o051 =
ao065-90002

31

N

[T 1Y

62196

SUBROUTINE
INPUT 00046

RESU.T 00046

33

52 =
G146 400066

/__/
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42

~o

- Qo

02136

SUBROUTINE
INPUT 90001

RESWLT 00045

oun4s =
00045490001

a4

90019 =
90022 /00045

0045 =
9000240002

46

00045 =
Gaa021 -00045

47

o

G

02196 .

SUBROUTINE
INPUT 00045
RESULT 0UO46

48

SMALL O
)

a0615 =
HIG1 WG48

49

02165

SUBROUTINE
INPUT 9GO17
RESULT 00047
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K VALUE = 02935

’

/o
1
9 02101
a
. SUBROUT INE
o INPUT 90017
1 RESULT 00048
2
| oooae = ooo1s |
3
o —] oy
] cos 1 ]
Coe i e
a
9 02105
[a]
. SUBROUT INE
3 INPUT 90016
7 | RESWLT 00050
5
— —t — oy
] SIN I ]
[V |
6
9 02101
a
. SUBROUTINE
o] INPUT 90016
1 RESULT 10051
7
e s |
[} COs DELTA []
[ AR p—
]
9 1u214a5
0
. SUBROUT INE
3 INPUT 90012
7 RESULT D052
9
e e | e— -
[] SIN DELTA !

17
8 02001
2
. SUBROUTINE
a INPUT 00047
1 RESULT 90035
13
] 02061
a8
. SUBROUT INE
0 INPUT 0054
1 RESULT 90035
19
8 02076
9
. SUBROUTINE
2] INPUT 00053
1 RESWLT 00065
20
. 02001
2
. SUBROUT INE
] INPUT 00047
1 RESULT 90085
21
3 02076
9
. SUBROUTINE
G INPUT 00052
1 RESULT 90085
22
e et s |
[ BETA BAR ’
e e, e cd
23
a 52031
5
. SUBROUT INE
g INPUT 00065
1 RESULT 00057
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L) 28
o -
[ BEGIN 00018 ]
| S, — ——
29
SMALL OMEGA
i3
90M5 =
90011 4-90003
30
9 02105
a
. SUBROUT INE
3 INPUT 90003
7 | RESWLT 0OOO6T
31
00063 =
O0067+90002
32
a0aeT =
Q06790002
33
0o0e7 =
50021 +90067
34
00067 =
00063 /00067
35
e— — —— —
¢ CAP E '
[o—— — " ——— ——
36
9 02166
A b
. SUBROUTINE
a INPUT 00067
1 | RESULT 90040
T
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15
9 02101
o
. | sueroutine
a ] 1weut 90012
1 | RESLLT 00053
11
8 02001
2
. | SUBROUTINE
g | 1weur ooo1o
1 RESULT 90085
12
8 ge061
8
. | suBROUTINE
o | NPyt 00027
1 RESULT 90035
13
8 az0ré
9
. | SUBROUTINE
o] Ineur noosy
1 | rREsT 900as
14
90084 =
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—_—
. ALPHA BAR ]
| SR —— —
16
a n2001
2
. SUBROUTINE
0 INPUT 90085
1 | RESWLT 00054
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24
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2
. SUBROUTINE
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25
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[] GAMMA BAR ]
| SN — — P ]
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3 02061
8
. | SUBROUTINE
0 ] Ineur 00054
1 RESULT 00060
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o
. SUBROUTINE
0 INPUT 90040
1 RESWL.T Q0067
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00087 =
900200067
39
CAP M
5
013 =
9004000067
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P e —
[} BEGIN 0OD44 ¢
[ . . av— b
41
00065 =
90015-90012
42
] COS W(l) 1
43
9 021495
a
. SUBROUTINE
3 INPUT 0O0US5
7 RESUWLT 00066
44
[] SIN wWtt) [}
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K VALUE = 02935

B
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1
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. SUBROUTINE
o INPUT 00065
1 RESULT 00065
2
8 02001
2
. SUBROUTINE
s} INPUT 00057
1 RESULT 90085
3
8 02076
9
. SUBROUTINE
0 INPUT 00066
1 RESUWLT 00067
4
38 02001
2
. SUBROUTINE
) INPUT 00060
1 RESUL.T 90085
5
8 02076
9
. SUBROUTINE
1] INPUT 00065
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6
a8 02031
5
. SUBROUTINE
] INPUT 00067
1 RESULT 00075
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2
. SUBROUTINE
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» 0. OO

02101
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INPYT 90040
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I
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I
00050 =
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INPUT 00075
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SUBROUTINE
INPUT 00051
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30
00052 =
00052 /00050
31
3 02001
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. SUBROUTINE
g INPUT 00075
1 RESWLT 90085
32
a8 02076
9
. SUBROUTINE
0 INPUT 00052
1 RESWT 00065
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2
. SUBROUT INE
a INPUT 00078
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9
. SUBROUTINE
o INPUT 00051
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6
. SUBROUTINE
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— e
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. SUBROUTINE
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. SUBROUTINE
o INPUT DO0O60
1 | RESULT 90085
10
8 02076
9
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6
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RESULT 90085

o @

el

02076
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26
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0G0 #0050

338

PAGE 123
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K VALUE = 03059

BACKWARD DIFFERENCE
INTERPOLATION FUNCTION
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-10000000+04
28
| 00029 = DOO11 l
11
o033 =
00014400018 29
| 00616 = 00010 |
<
03056 12
—_———_
[ ] BEGIN 00006 [] 30
[ ooa32 = oono |
13 .
00018 = 03058 31
00013+00011 — b
» BEGIN 00003 ’
e e Tt b
14
4 32
\i 00017 = o001a l —
00016 =
GO0G16+00011 .
15
00021 = (0035 + 33
Qo1LTY) —
G, =
ININ.N) 3
< v GOG29x0001 6
03057 16
— e —_
3 BEGIN 00007 4 34
| W o——— — pu—
00027 =
027+00013
17
aooo17 =
0001 7+00011 35
aon2a =
0002800027
18
ogozz = @OO35 +
OI517))
/-
/-

342



CROSS REFERENCE LISTING
'PAGE BOX LLABEL REFERENCES

K VALUE = 030%0

127.08 03051 131,26 131.28% 131.30% 131.32% 131.34%x 131.36%
127.04 a303s 127.09
2712 03056 127.24
427,16 03057 127.23
127.31 03058 127.40

K VALUE = 03050
VOO0010+00000000+00
V0001 1+10000000+01
vODG12+10000000+02
VO0014+50000000+01

343



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 03300

DAY COUNT FUNCTION USES
LOCATIONS 1 TO 33

t 03301 ;

1 .16 wigiponnd
1
g e | v oy
] BEGIN O00D1 [
| —— ——— Qe )
2
SET DAY LOCATOR
™° ;ﬂ%o
Do028 =
+00000000+00
[ 9
3 03305 14
0 BEGIN 00005 ]
SET MONTH COUNTER —
TO 1
I -
00026 = 15
+10000000+01
ADD 1 TO THE
M’)ITHICQ.NT
4 0onu2e =
00026+00010
STORE
YEAR ; MONTH ; AND
DAY
4 16
00023 = (0001 +
€00003) ) ADD 1 TO THE DAYS
LOC?T(R
00028 =
5 00028+00010
FROM THREE
CONSECUTIVE
! 17
00024 = (00002 + e by
(©0003)) ] Aok ]
- | SUVRUI— —— —
6
LOCATIONS
00025 = (0003 +
©0003))
03330 7
— e - f
1] BEGIN 00030 ’
| S —— c— )

344

PAGE 128

r-

128 , 22 wmetipurend

03329 28

e | ae c——y

[] BEGIN 00029 4

L
2r

STORE THE DAY




8
STORE DAY COUNT
a90027 =‘ 00911 +
- 00028))
9
| Lg o cores )
| S AT — |

ADD INPUT DAY TO
DAY COUNTER
I
00027 =
00025400027

COMPARE 0024
TO 00003

03329

03331 18
— —le—
[] BEGIN 00031 *
e ——y — —

19
SET LEAPIYEAR 1=0
G0026 =
+60000000+02
03332 20

— — g
[] BEGIN 00032 "
e — b

21
: COMPARE YEAR WITH |
60+41 '

COMPARE. 1100023
TO 00026

23

YEAR EQUALS 60+41

I
oon2T =
Ga627+00010

63329

345

PAGE 128 CONTINUEQ'. -

YEAR IS GREATER THAN 41+1

03333

-—
] BEGIN 0GO33
—_—

24

25

SET LEAP -YEAR
I=I+1
I
aa026 =
O0G26+0a069




K VALUE = 03300

V00008 +20000000+01 ENTER WITH (2)=YEAR, (Z+1) =MONTH, (
vO0009+40000000+01 DAY. EXIT WITH (X)=NUMBER OF DAYS
VO0010+10000000+01 JAN.1 OF THE GIVEN YEAR THROUGH T
VOO01 1 +00000000+00 GIVEN DATE.

vOO012+31000000+02 NO. OF DAYS (P TO FEB. 1

VD001 3+59000000+02 NO. GF DAYS UP TO MAR. 1
VOOD14+90000000+02 NO. OF DAYS P TO APR. 1

V00015 +12000000+03 NO. OF DAYS UP TO MAY 1
vOO016+15100000+03 NO. OF DAYS UP TO JUNE 1

V00017 +18100000+03 NO. OF DAYS UP TO JULY 1

vO0018+21 200000403 NO. OF DAYS UP AUG, 1
vO0019+24300000+03 NO. OF DAYS WP TO SEPT. 1
vOOD20+27300000+03 NO. OF DAYS UP TO OCT., &

vOo021 +30400000+03 NO. OF _DAYS UP TO NOV. 1
YO0022+33400000+03 NO. OF DAYS W YO DEC. 1

CROSS REFERENCE LISTING
PAGE BOX JLAREL REFERENCES

K VALUE = 03300

128.01 03301 1.16x 129.12%
128.07 03330 128.17

128.14 03305 128.10

128.18 03331 128.13

128.20 03332 128.25

128.24 03333 128.22
“t128.26 03329 128.22 128.23

346



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE" 143
X VALUE = 03700

COMPARE 00033
TO OO0G7

03744
—
[} BEGIN 00044
L

&
T -
142,13 4 03751
03740 2 4
o e ] e ey SUBROUT INE
] BEGIN D40 ' & INPUT 10033
e e e e 1 | RESWLT 00031

HI

COMPARE 00030
™ 00007

COMPARE (K034

TO 09007

03741 13

(' BEGIN Oua4l H

EQUAL
a3

19

L a0014 = 00049 1

P a

014 = a0543

.....
=)
]

13746 9

—— —
] BEGIN 110146 (]

105

u+128
I
!!‘13745 ; Oan39 =
aa633+00015

214

142,02

P —— b - -
] BEGIN 10045 ]
L 4

379



PAGE 143 CONTINUED

11
U+128+M
]
00039 =
21 a9039+00014
THIS PROCESS BOX
REPRESENTS .
MACHINE CODE. 12
INSTRUCTIONS.
LOAD ADDRESS IS CHAN;C cH
00036 = (C0016 +
(00032))
22
13
UH1284M+CH
I
00639 =
00039+00036
14
00639 =
00039+00037
15
90035 =
O0031 400013
16
23 00635 =
@ ONa35+00616
17
G000 + (@O035))
= 00639
03743

380



K VALUE = 93700
Q900000000
Q9000103751
QAD003703841
VOGL05 +1 006000G+01
V00006 +20000000+01
vOOaar +00000000+00
VOOOO8 +60000000+02
vOO0ag+90000000+01
VvOO010+16000000+02
v0015 +12800000+03
vOGa16 +30054000+405
VOG017 +51200000+03
VOO 8+10240000+04
VOGO19+15360000+04

381



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI -
K VALUE = 03750

103751;

143,06
1
—_— ==
’ BEGIN 00001 .
[ —
2
00016 = (001 +
OOa03))
3
00010 =
O 6-000006
4
Y¥15 =
+DO000006+00
L 03763 5
- | ey
' BEGIN 00013 '
P S — |
3
HHH5 =
UKL S+00007
7
noot1 =
0010 /90005
]
GOO12 = INTEGRAL
PART OF 00011
9
M1 =
00011 240005
10
G =
N G 5-0001 1

OO

382

H1

PAGE 144

11

(00016 + (DO015))
= 00011

12

00010 = 00012

COMPARE 00009
TO DOO15

LO/EQ

13

14

CO001 + (O0004))
= 2

15

o002 + (O0004))
= 00019

(00004 + (00004))
= 0017

i3
EXIT



K VALUE = 03750
VUOGOGe +e0eannn +ia
yonanz +10000500+51

vEOON9+ 30000000 + 01

CROSS REFERENCE LISTING

PAGE BOX LABEL REFERENCES
K VALUE = 03750
144,51 03751 143.06%
144.05 03763 144.13

383



NASA-GSFC MI'SSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 03800

CONSTANTS PODL FUNCTION
FOR DIFF. CORRECTION

! 63801 ;

o —
] BEGIN 00041
—

1.12

l.J.

n

000838 = 0041

COMPARE 11
T A

YES

I
00088 =
00041 +00041

(-}

L.J.

15

b

oS

-2 P1

00087 - =
0001 2200042

COMPUTE P1

00039 =
00042 /30005

COMPUTE PI/2

G633 =
042 /00006

00057 =
+12000000+02

P1 7 6

I
00057 =
00a42 /00057

CWPUTEJ} PI/2

00065 =
00010200038

384

PAGE 145

,__/

29

(METERS/C.U.LJ)
(C.U.T./SEC.)
I

00066 =
00040 /00043

30

COMPUTE. RAD/DEG
I

opoea =
aa011 00047

31

ROTATION OF EARTH
IN RAD/ C.U.T.

J
00035 =
00048300043

32

COMPUTE FLATNESS
COEFFICIENT

I
00034 =
00011 /00050

33

Fii2 (F=FLATNESS
OF EARTH)

I
00085 =
00034200034

2F
I
00086 =

000054000

33

Exi2 = 2F ~ Fi
E=ECCENTRICITY
OF: EARTH)

I
. G008s =
00086-00085




MOTION OF TAUL IN
RAD./ ?.U-T.

00090 =
000000043

C, VELOCITY OF
LIGHT IN
C.U.L.;SECQD

ooog2 =
00092 /00046

11
9 02105
0
. ] sweroutne
3 ] NPyt 00091
7 | rResw T 00097
12

13
9 02101
0
. SUBROUTINE
o INPUT 00091
1 RESULT 00098
14
g e ey
s MU=GMicKL s
Ce o g men  cmmnd
|/
Vs

(KM/C.U.L.)

(C.U.}'. /MR.)
00067 =

00046400072

MI/C.U.LD)
(C.U.}’./!-R-)

00045 =
00067 /00063

COMPUTE MIN. /
C.U.T.
5
00073 =
00043/00009

385

PAGE 145 CONTINUED

RAD/HR

!
0074 =
00ave6 /00047

" HR/MIN
)

00075 =
00011 /00009

40

CU.L. 7
ASTRONOMICAL UNIT

00082 =
0007800046

{MASS OF
MOON) 7 (MASS OF
EARTH)

I
70083 =
00011 /00080

M 7/ C.U.L.

10084 =
0004600081

L/



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 03800

—/

COMPUTE J
I

00020 =
00049%00049

J2ARNAN2
I

00024 =
00020:00053

=3 /2 )2 4RAH2
§

00064 =
OOOTH0024

{ Is PE ORBIT

GENERATOR BEING

. U

COMPARE 90HI67
TO 00011

6
K2=0
I
a0035 =
~OGANGGOG 00
7

K3zt

J
ano3y =

)
00024 =
000533000

ia
K2= (J2#RK2) /2
I}
a0a3c =
OgG24 /40005
19
COMPUTE K3
G 2 1=
GOG2000049
20

I35Riok4
J

G024 =
ana54:4i0021

®

386

PAGE 146

28

aagz29 =
+00000000+00

K=0

I
aon2a =
+O0000000+00

34

L=0

!
a0027 =
+000000GG+00

31
EXIT



PAGE 146 CONTINVED

21
K3=- (J3#R4xI)
8 §
. 00031 =
X4=0 00012400024
J
00032 =
+00000000+00
22
COMPUTE K4
9 I
00022 =
K5=0 00021400049
I
00033 =
+00000000 +00
23
J4RAck4
10 )
00024 =
H=0 00055400022
5
o029 =
+00000000+00
24
KA= (JAidRicid) /~
11 2.6666667
J
K=0 0032 =
! 004 /00613
oonz2a =
00O +00
25
12 COMPUTE K5
I
L= aoGe3 =
I OLG22:410049
aoa27 =
HOIOOO+00
26
J5HRASES
13 I
0024 =
EXIT 0065610023
27
K5=- (J54R%%5)
{
0aG33 =
G001 200024
/—

387



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 147
K VALUE = 03800

:

103817 ;

THIS 1S HST ORBIT
146,16 ‘ . GENERATOR
— o —
[] BEGIN 17 [] " !03816 ?
2 L ] 16
— g e |
1s mcol omBIT | ' BEGIN D0016 N
§ GENERATOR BEING § e -y —
e o e ad
17
1 COMPUTE K2
3 I
oon24 =
00053400020
-8
COMPARE 90067 =
TO 00005 13
K2= J24Ri0k2 /2
I
op030 =
EQUAL 00024 /00005
4 19
1 00021 =
KZ;»U 00020400049
00030 =
20
COMPUTE K3
5 1
00024 =
ns?o 00054400021
00031 =z
+00000000+00
21
K3=J334R%43/2
s I
00031 =
K4;0 . 00024 /00005
anp3z =
+00000000+00
22
00022 =
7 00021400049
K5=0
1]
a0033 =
+00000000+00

388



PAGE 147 CONTINUED

o i £
"
[ ‘oou‘c -2
8 00033400022
00021 =
00020400049
24
~ JAsRxeA
9 Q0024 =
COMPUTE H 00024400012
4
00024 =
00021 4000 25
K&z J4iiekd 78
10 5
00032 =
H=5 /72003 #03 00024 /00015
I
DCDDB:IOCSZA
X5=0D
11 i3
00033 =
COMPUTE K +00000000+00
J
4 =
00014400055
27
H=0
12 s
00029 =
00022 = +00000000+00
00021200049
28
13
K=0
K=—15/44Rckdik )4 I
onogs =
00028 = +00000000+
00022400024
29
14
L=0
L=0 !
I 00027 =
a0027 = +00000000+00
+O0000900+00 Y
30
15
EXIT

389



NASA-GSFT MISSION AND TRAJECTORY ANALYSIS DIVl PAGE 15

K VALUE = 03800

QU6 7 LNGII ORBIT GENERATOR INDICATOR
QOUNOONNNSY 0=SP (38)=24x26, 1=DF (83)=2%x53
QRIOAN2G2196 SQUARE ROOT

Qanan3n2101 SIN

QROIN0402105 €S

VOLO0S +20000000+01

VOGONE +4GONGGRAG+ 11

VAON7 +1 5000000 +61 3/2

SN 2S W00 401 5,2

VOGN0 - € INOG +02 MIN/HR

VIR T e 3O0GGN0 01

VIV 41 GGG 01

YOG 2= 1 00060 #1

YV 26666667471 -as3

UALESRRRR Y41y xa Ty s T | -15/4

PSRN+

CROSS REFERENCE LISTING

PAGE BOX LABEL REF ERENCES

K VALUE = 53800

145.01 03301 1.12%
145.07 03318 145.04
146.14 a3819 146.05
147,01 a3a17 146,16
147.16 63316 147.G3

390



THESE CONTENTS ARE STORED IN THIS AREA FOR USE BY OTHER PORTIONS OF THE PROGRAM.

K VALUE = 03825

YOOOG +O0000000+G0
VOH16 +67 1038364 +0R
VIO 7 +62831853 4001
VIOD1R  30633200+03
VOEUI1 9+ 1 0 000G -0
VOOKI2 +637833380+04
VORKI22+57295 ¢ 30+012
VIHKI23+72921159-04
VOGG24 +1G00G00GG+Gt
VOaa2s + 297G0000+03
VG026 + 1 0000005 +01
VvOO6e4 + 1 0000500+01
V28 +1 5821 900-02
VDDDZ9-2285050U-05
ViN30-21230%900-05
vOana31 -23200000-06
VO3 3 = 36 GO00N0+01
VO34 +31355835 -3
VORGD5  266REER T S0
SIVARE L EL2T 11269132
VI3 7 <6400 +065
vOOO38 +1611934 70 +01
VG044 + 1 GOGNY T 54
VOOOA46 + 100000 =051
VOODAR+ 360G+ 04
Vanoas1 + 15600500+ 52
vOnas52+45000000 -4
VOOO534+14947313+09
vOOO54+333432 408
VOGGSS5 «814573007+62
Va0G56 +1GA00500+06
V00065 +19910633 06
V00066 +40915752+00
VOO06 7 +29979250+06
vOG0e 3+ 15000009+ 01
VG696 9 +a0000G00 + GG
VOOGTG+A000000G5G+00

VIIT 2 +0O0000G40+00

T1, TOL. FOR MAG.CF (R X U) IN SUN D
TOL. FOR (UNIT R) DOT (W) IN SUN DET
2#%26

2 p1

SECONDS / C.U.T.  (C.U.T. =
CRITICAL INCL. FOR BROUMER
KILOMETERS/C.U.L.  (C.U.L. =
OEGREES/RADIAN

ROTATION OF EARTH IN RAD/SEC

RADIUS OF EARTH IN C.U.L.

MUL%2=6M
J2
43
J4
J5

SMALL M SUB O
(4/3) (BETA)
(4/3) (H SUB 7Y
SEC/DAY
KM/MI
M/KM
1N SUR 1
SEC/HR
DEG/HR
SUNLIGHT PRESSURE IN DYNES / CMax2
KM/ASTRONOMICAL UNTT
MASS AF SUNY 7(MASS OF FARTH)
(MASS OF EARTH) 7 (MASS OF WMWY
CM/KM
MOTION OF TAU IN RAD.s SECOND
23 DEG. 26 MIN. 34./95 SEC.
C, VELOCITY F LIGHT In KM, 7/ SECOND
X COMPONENT OF U1 VECTOR FiOik SUN DETY
Y COMPONENT OF U1 VECTOR FOR SUN DET
Z COMPONENT OF Ul VECTOR SOR SUN DET
X COMPONENT OF U2 VECTOR FOR SUN OET

CROSS REFERENCE LISTING
PAGE BOX L ABEL REFERENCES
K VALUE = 03825

149.51 03901 2,03
149.07 03911 154,65
149.17 03906 149,19
149.21 03908 149,18

301



MASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI
K VALUE = 03900

LOAD DRAG DATA FUNCTION

ISES 100 LOCS.)

Q

3901

2.03

P —
. BEGIN 0000
[ ==

l.1.

N

ALSO STORES

€00003))

DRAG TABLE
STARTING IN X.

H
00008 = (00001 +.

3

DATES + TIMES OF
DRAGS STARTING IN

LOC.60
5
00014 = ©OO0D2 +
©0003))
4
" opo1s = (ODDD3 +
©0003))
5
90034 =
-10000000+01
[
00042 =
+00000000+00
150.05
03911 7
— —t —
s BEGIN DDO11 ’
| . — —— e |
8

READ CARD
B8CD MODE
00019 00012

392

PAGE 149

2%
00059 =
00039+00024
28
00059 =
00059400043
27
o0025 =
00025 /00009
28
00059 =
00059+00025
29

Q0061 + (00042))
= 59

‘00043 =
+20000000+01

31

0a042 =
0043 +00042

oNn34 =
S0034+00012

02651

) v 1]

SUBROUTINE
INPUT OD0O26
RESULT 00026

=




9
COMPARE. DO0O0S
7O DOD1S
03906 17
—_—
’ BEGIN 0DDO6 ’
EQUAL
18
10
00043 =
+10000000+03 COMPARE 00019 >
TO DOOO7
63903 21
— —1
11 » BEGIN 00008 s
— e, —
00059 = EQUAL.
0002000043
22
12 19
WRITE PRINTER
00059 = oM = BCD MODE
00059+0002 +00000000+00 00019 001
13 23
. 20
00059 = 90001 =
00059-0K143 EXIT -10000000+01
14
24
o059 =
000594000122 EXIT
15
OO0en + (O0042))
= 16059
16
naa59 =
0002390043

393

PAGE 14 CONTINUED

- 34
H 2651
0 1 susrouting
4 | 1veut ono2e
7 | resut oooze
35
00023 =
N0023800013
36
020024 =
06024400023
37
onn2e =
00024200013
3
 oop2s =
00025+00024
39
[ 006 = no02a ]
a0
[ o017 = oong1 -l
41
l 0o18 = nonza ]
a2
T
H 63351
21 sueroutine
5 | Ineut Dooia
1 | REsw.T on3n
43
I anal = ooozs 1
L/
/-



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI FAGE 1540
K VALUE = 03980

03376

SUBROUT INE
INPUT OU030
RESULT TIG32

=D O

+ (O0004))
anG32

™
]
]
i}
o]
[

(0021 + (0004))
= 00026

-

(0041 + (OOO04))
= 00023

0anGg =
o004 +00512

3911

394



K VALUE = 03500

QVOOB1ONG06 ERROR INDICATOR

QOUNNZN2651 INPUT CONVERTER F.

@9000303351 0BS. DATE TO J.D. F.

Q9000403376 JULIAN DAYS-SECONDS TO C.U.T.
QouN3400002 ND. OF T(P,@®"S - 1

V00007 +00000000+00 ENTER WITH (2)= SAT. ID. NO., (Z+1)
VOOO09+1 0000000 +04 OF REF., (Z+2)= DAYS JAN.1- DAY OF
VOO0 2+10000000+071 EXIT WITH (O=T(R,@ IN CUT,...(x+2
VOON13+60000000+02 NAZ,R) 5 oes (XHI) S NE3, Q) .00 T.E., W

395



MASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 151
K VALUE = 04025

’

/
/-
LOAD COMSTRAINT WEIGHTS
17
[z==]
H Ty
7.37 e ' O 1 susrouTINg
: | g g5
— o —_ SULT
¢  DBEGIN ODDOD1 o 1 -
S -— — b
18
2
00005 000054000
= 24
+10000000+06
19
3 1
hH 02651
o
SUBROUTINE
BCD MODE O | couy Doo2e
00010 00006 1 SULT oot
. 20
00026 =
00010 = 00D0SH0026
DOO05400010 3
. . 21
H 02651 i 02651
0 SUBRUTINE 5 | meur g"é:s
NPUT T 0oD1s
9 | resuLt ooot0 1 ] RESL
6 22
ooo12 =
0000500012
7
H 02651
01 susroutiNg
g | 1neut ooot2
1 | REswT 00011
8
00014 =
00005+00014

396



)~

D

02651

SUBROUTINE
INPUT 00014
RESUWLY 00612

e
o

00016

GOOG50016

b Fe (G rs s

(2651

SUBROUT INE
INPUT 00016
RESULY 00043

LA

OO005NKI A

[ayT e

-5

02651

SUBROUT INE
INPUT HEIR
RESULT W14

14

0.5

0009500020

> S 1 kel

02651

SUBROUT INE
096920
aao15

INPUT
RESULT

16

397

PAGE 151 CONTINUED



CROSS REFERENCE LISTING

PAGE BOX LABEL REFERENCES
K VALUE = L4025
151.01 04026 7.37%

K VALUE = 04025
Q000102651 INPUT CONVERTER
vOO0D6 +10000000+01 ONE

398



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIvi

K VALUE = 04055

COMPUTE CONSTRAINT
EQUATIONS (ADDITIONAL
EQUATIONS OF CONDITION)
COMPUTE  CONSTRAINT
EQUATIONS

[==]

14.14 |
1
o e by
. PEGIN 00001 '
fove e , - ceaud
2
AUGMENTS THE
NORMAL MATRIX BY
EACH ?m.)
00007 =
-10000000+01
3

[] NAME 00008 *
)

a0an7 =
A7 +00005

(1220 = CFVIITH

COMPARE 90598
TO O00OG7

00007 =
-100009000+01

o

17

(9NA20 + (90598))

512

¢

-
L

= iDe OO

12316

SUBROUTINE
INFUT 90419
RESULT 9598

[“onazn « coonT))

= 00006

COMPARE 00011
TO 000066

COMPARE 90597
TO 00007

399

Wt.

PAGE 152

FOR THIS EQC IS NOT O

04068 24
BEGIN 00013 ]
w—

25

SQAUARE RT. HAND
SIDE OF &acC

J
00014 =
00012400012

26

AND ADD IT TO sum
OF SQUARED
0O-C)"s

)
90049 =

90049+00014

l

O,



8
903897 =
90598-00005
9
— —
NAME 00008 s
| N — —
10
00007 =
00007+00005
11
Jy, NO. OF UNKNOWN
00010 = (90003 +
7))
i2
00011 = (80002 +
OO0ar))
13
(90420 + (000OT))
= i1
14
USE J TO GET SUM
xXJ
s
0012 = (90004 +
©0010))
15
12 =
0001240001 1
16
00012 =
ngous-n0012
I

400

PAGE 152 CONTINUED

ar
ADD 1 YO NO, OF
cow.gms.
90048 =
90048 +00005
20

COMPARE 80597
TO 00007




K VALUE = 04055

Q9059800598 M
9059700580 M-1

29042000420

@9000102316 AUGMENT MATRIX

29000204035 WEIGHTS

9000300400 FIRST LOC. OF UNKNOWN NO"S
@9000404200 LOC.PRECEDING FIRST OF SUMS OF XJ
@9041900419

49004800048 N, NO.OF CONDITION EGNS.
Q9004900049 SUM OF SQUARED (0-C)*S

V0005 +10000000+01 (COMPUTES AN EGUATION OF CONDITION
V00006 +00000000+00 EACH UNKNOWN BEING SOLVED FOR, AND

CROSS REFERENCE LISTING

PAGE BOX LABEL REFERENCES
K VALUE = 04055
152,01 04056 14.14%
152.24 04063 152,21

401



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI
K VALUE = 04100

’

SUM UNKNOWNS  (STORES EACH
SUM ACCORDING TO J,THE -
NO. OF THE UNKNOWN)

l 04101 ?

14.18

L.].

— —
' BEGIN 000D
[T —

n

NEW SUM. ALSO
STORES (WEIGHTED)
NEW AND

I
oono7 =

3
I erev.sws v )
! Tem.l_ocsi;oa 1

PRINTOUT.12 LO
—

PAGE 153

14

(WT.) (NEW SUM OF
xJ)
I
00012 =
00011200010

STORE NEW SUM
ONEIGHTED)

5
(90005 + (O0O083))
= 00012

16
noaor =
00007 +00006
17
] GET ANO J []

-~ -
s BEGIN 00005 '
— —

Jy UNKNOWN NO.

)
00008 = (90001 +
(C0007) )

COMPARE 10006
TO 00008

402



XJ, UNKNOWN

00009 = (90002 +

0007
a3
GET
CORRES . CONSTRAINT
f
TN T (9006 &
CHHAHITY)
=]
GET CORRES. SuM
F ALL PREVIOUS
X))
19

(WT ) (BREVIOUS
SUM TF X1

Y1312 =
R A A

STORE PREV.SUM
GETGHTED)

I
(N + (GOO03))

.....

NEW
SUME (PREV. SUMY  +
(X5

001G =
NIGO009

STORE NEW SUM
(UNWE TGHTED)

I
(IOG3 4+ (0058
= 0510

L/

403

PAGE 153 CONTINUED



MASA-GSFC MISSION AND TRAJECTORY AMALYSIS DIVI PAGE 18 A

K VALUE = 04100

9000100400 FIRST LOC. OF UNKNOWN NO"S,)
Q9000200441 FIRST LOC. OF UNKNOWNS, XJ
9000304200 LOC .PRECED ING (UNWE IGHTED) SUMS OF X3
Q9000400700 LOC.PRECEDING (WEIGHTED) PREV.SUMS O
8000500800 LOC.FRECEDING (WEIGHTED) SUMS OF xJ
X90D0604035 FIRST LOC.OF CONSTRAINT WEIGHTS
vOO006 +1 0000000 +01 GET SUM OF PREV.XJ, ADDS XJ TO IT +

CROSS REFERENCE LISTING

PAGE BOX LABEL REFERENCES
K VALUE = 04100

153.M 04101 14.18%
153.04 04105 153.14

404



MASA-GSFC MISSION ANG TRAJECTORY ANALYSIS DIVI PAGE 1354
K VALUE, = 04200

rJ
RUN IDENTIFICATION LOAD
1
WRITE TAPE D
lmzm ? BCD MODE
0oo00
1.085 = .
:  BEGINODODL o
—— o el
WRITE TAPE D
2 BCD MODE
M are 1o,FaL.BY )
R
. QRVTIE 17
3 ITE TAPE
—_— WRITE TAPE D
M wee @rc.oe0 | BCD MODE
| MO GIc.A172 oF | o018 00003
e
18
4
M carn.c.9-72 o on |
) PRINTER. UsES 33 | WRLTE TAPE D
— = - - 00026 00005
5
READ CARD
BCD MODE
00010 00005,
.

COL. 6 (BCD TAPE
INPUT)

1]
(00001 + (00004))
= 00015

coL. 1
s
(00002 + (00004))
= 00010

405



PAGE 154 CONTINUED:

COL., 2 (PRINTER
QUTPUT)

J
(00003 + (D0004))
= 00011

CoL. 3 (TAPE
QUTPUT)

i)
©0004 + (O0004))
= 00012

CoL. 5 (CARD
INPUT)

)
@GO005 + (D0004))
14

11

L. 7 ©O<C
ON-LINE)

I
O0006 + (DO004))
16

= 100

13

WRITE PRINTER
BCD
000138 00005

14

WRITE TAPE D
8CO MODE
agaan 00o0s

406



K VALUE = -04200

Q9000100099 ORBIT GENERATOR IDENTIFICATION
V00005 +1 0000000401 1,2:3.4,5,7 (ALPHABETIC) IN X...X
vOO006 +6 0000000401 LINES OF PRINT CONTROL CHAR.ARE WRI

CROSS REFERENCE LISTING
PAGE BOX L ABEL REFERENCES
K VALUE = 04200
154.01 0421 1.05%

407



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 04330

04338
062 630422
FOD62 INTERVAL CORE DUMP 'y
foez .7, i1
o o by
] IN 00008 [}
lmssx 7 L
1 023 coammomd . 12
g e | oy @o022 + O001D))
] BEGIN 00001 ] = 00015
[P o m ——t
2 13
00010 = O0023 -+ ©0010))
- +01 = 00017
3
00011 =
Q0002400014
4
ool =
00011 -00014
04333 5
— e — ey
[ BEGIN 00005 .
o aw— s b
6
00010 =
00010+00014 155,09 =i
04336 16

04339

156.05 eratpuend
e o—
[] ‘BEGIN
[—

PAGE 133

31

32

33

D va
;
@

3
:

408

04349 s
P —— —— ﬂ
BEGIN 00019 M
b ——— —— d
36
WRITE TAPE D
BCD MODE
0004S 00013
37
1
5 04436
9
o | Ineut 0OD17
3 | REswLT ooo16
04348



PAGE 135 CONTINUED

20
10 =
00010400014
28
0o01S = (00022 +
N ©0010) )
COMPARE DOO10

00017 = 002t +
©o10

409



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 04330

[ 00015 = 00022

| 00016 = DO023

S

P

l 00017 = 00024

[ ]

l ooo4e = uoo2s

04339

! 04356 ?

6
C B;G-I.N @6 '
7
I 00015 = ooo2? l
8
r 00016 = 00028 J
9
| ooo017 = ooo2e |
10

04339

’ 04361 ;

11
. BE—G-I.N Dﬁi ®
12
| ooois = ooose ]
13
| ooote = ooo33z |
14
[ ooot7 =oo03e |
15

00018 = 00035

04339

16
= o e )
17
| " ooois = ooosr ]
18
[ 00016 = 60038 ]
19
[ 00017 = 00038 |
20

00018 = 00040

04339

410

PAGE 158

l 04371 ?

21
:’: BE—G-I—N DE! ]
. 22

| 00015 = 00042 l
23

[ 00016 = ODD43 l
24

| 00017 = oooas |
25

| |
26

] BEGIN 00046

L 00015 = Goo4T

SR

L 00018 = 00048

| DO0I7 = DOC49

—d § 13

i A 00018 = DOOSO

30
|

04339



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI PAGE 137
K VALUE = 04330

! 04381 ; l 04391 ;

1 11
—_— — b —
[ IN 00051 * (] IN 00061 '
| S— v— w— vl [ S ——— ——
2 12
| ooots = ooos2 J | 00015 = 00062 J
13

00016 = D063 ]

bl )
promimi

[ 00016 = 00053

4 14
r NOo17 = 00054 J | oooir = oooea ]
5 15
[ 00018 = DINSS J ] 0oo18 = 00065 ]

14339 04339

! 04386 ; Z 04396 7

~
-
-~

r aon1s = DOOs7

| 00915 = 0067 1

(]
-
X

f on01e = 00058

bl
P
2
]
-
»
]
i
'3
S
»
X

e

-] 19

| o007 = ooose | | ooo17 = oooes |
10 20

oooeo | |

411



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIvi
CROSS-REFERENCE LISTING
REFERENCES

’

PAGE BOX

K VALUE = 04330

155.01 04331
155,05 04335
155.11 04338
155.16 04336
155.19 04337
155.28 04339
165,35 04349
156,01 04351
156.06 04356
156.11 04361
156.16 04366
156.21 04371
156.26 04376
157.01 04381
157.06 04386
157,11 04391
157.16 04396
K VALUE = 04330
Q9000100000
0000200465
Q9000304456
V000400466
VOGO 2406000000+ 06
VOO0 3 +10060606+01
VIIIG14 +50000000 01

LABEL

1.23x%
155.15
155.08
155.09
155.26
156.05
157.10
155.29

156.10 156.15
157.15 157.20

156.20

N=MAX. OF IP DUMP REQUESTS

QUTPUT OPTION

412

156.25

156.30

PAGE X

157.05



NASA-GSFC MISSION AND TRAJECTORY ANALYSLS DIVI PAGE 158
X VALUE = D4490

D4407 /_f_/
D62 END
COMPUTE EFFECTIVE DRAG &
(DELTA M) 9 24
— ey
] IN 00007 v 00017 =
!04491 ] — e e -2 00017400015
74.05 10
1 2s
e e — 00015 = (90018 +
4 BEGIN DOODL ¢ ©0016)) 9 22?1
[ S o— — — 7
. | sueroutine
g ] ineuT ooO1T
2 11 1 | RESWLT DOOLT
| 00039 = o005 | 00016 =
90033-00015
26
3 o039 =
12 O0039+00017
00019 =
+00000000+00 no);r o)
00020 = » 04406 27
L p— 9OONG-90033 — =
04405 4 . BEGIN 00006 []
— o —_— —_— ..
] BEGIN 00005 ?
§ N — ———— = | 13
28
g 02751
H 0o010 =
a0010+00051
& | _Ineut Don20
1 | REsuCt ooz
14
T™ 7 @
00021 = 04405
90000-0001 5
15
1
] H 02751
9 gz271 2
7 SUBROUTINE
. | susrouTINE 5 | Ineut oo0o21
o | 1neur 90039 7 | resuLt ooo21
1 RESUL.T 00039 |
7 16
FINAL DELTA M=
(DELTA M) (X)
WHERE K=1 OR D HIGH
T COMPARE 00021
00939 = TO 00020
10039430001
8

413



17

00017 = (90020 +
@001M)

(T-Tt}) i@

00015 =
0001600016

00017 =
00617400015

02271

SUBROUTINE
INPUT 00017
RESULT 00017

~N 1o

e

00639 =
00039+0001 7

N3Q

)
00017 = (90021 +
Q0010

(T-TQ) 43

J
aon15 =
00061 500016

L/

414

P AGE 158 CONTINUED



CROSS REFERENCE LISTING
PAGE BOX LABEL REFERENCES

K VALUE = 04400
158.01 04401 74.05%

158.04 04405 158.28
158.09 04407 158,05
158.27 D406 158.16

K VALUE = 04400

QDO0OL197 NO. OF T(P,Q)"S

Q9000001100 T(O), EPOCH TIME IN C.U.T.
Q9000100462 Ky MULTIPLIER FOR DELTA M (K= 1 OR
ngbmsonsu TE,A"S TIMES OF DRAGS IN C.U.T.
@9002001150 N(Z,®"S

@3002101170 N3, "S

@3003300200 0BS. TIME IN C.U.T.

9009002271 PRINCIPAL VALUE

9009102751 ABSOLUTE VALUE
vO0as0+00000000+00

V00051 +10000000+01

415



MASA-GSFC MISSION AND TRAJECTORY ANALYSIS OIVI
K VALUE = 04455

EMCRY PROGRAM USES

LOCATIONS 1 70 148
Zmu 7

155,33 ]

[l B8EGIN 00001
Rwivaive

Q0010 =
00010+00007

416

8

02520

SUBROUTINE
INPUT 00017
RESULT 00017

02520

SUBROUTINE
INPUT 00019
RESULT 00019

00003 =
00010+00007

00010 =
00008+00010




. 10
00010 =
00010-00008
11
0001% = (90011 +
O0010) )y
12
00013 = (90042 +
O0010))
13
00015 = (90013 +
©@0010))
14
onoLT = (90014 +
©0010))
13

21
00003 =
00010+00007
22
000ig =
-. 00010+00006

417

PAGE 189 CONTINVED

39
EXIT




K VALUE = D445

@9000102650
@s000202649
09000302520
Q9000400042
8000800089
48001300001
@8001200002
5001300008
29001400004
5001500005

VODDO? +50000000+01
VOO008+10000000+01
VODD09+00000000+00

PAGE BOX

K VALUE = (4455
- 04456

159.01
159,08
159.26
159,36
159.40

LABEL

04460
04461
04477
04476

X OF OPS F. + 130 ,INPUT CONVERTER
K OF OPS F. + 129 *
OUTPUT SCALE F.

OUTPUT OPTION

SINGLE PRECISION

155.33% 155.37%

159.23
159.16
159.41
159.34

418

CROSS REFERENCE LISTING
REFERENCES

159.37
159.17

159.18

159.19

159.20



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 04490

FOB63 END

BROUER 1

BROUWER ORBIT GENERATOR
SUBROUTINE FOR
DIFFERENTIAL CORRECTION

ROUTINE
!04491 ;

3031 o] .
e =y
s BEGIN 00001 s
[ S o m—— mnad
2
SETS LOOP SWITCH
FOR BROUWER
I
00391 =
+00000000+00
3
00336 =
+99999999+018
4

f 1S PRINT IND.=0 J
) (FOR HARMONICS |

COMPARE 90009
TO 9un12

04492

YES. SET IT=1,
AND PRINT

)
90012 = 90010

15

PAGE 160

IS

WRITE TAPE O
BCD MODE
00000 90010,

16
WRITE PRINTER
B8CD MODE
00000 90010/

17

N

WRITE TAPE D
BCD MODE
00000 90010

13

WRITE PRINTER
BCD MODE
BOonno 80610

N

19

WRITE TAPE D
B8CD MODE
O00a9 90014

N

WRITE PRINTER
BCD MODE
ag00a 90010

\\

21

WRITE TAPE D
BCO MOOE
Q0003 90010

419

WRITE PRINTER

s
;

WRITE PRINTER

BCD
00000 0,

WRITE TAPE D
B8CD MIDE
46000 9o,

BCO MODE
onous /nn1on

WRITE TAPE O
BCD MODE
o0ua3 9nn1o

WRITE PRINTER

BCD MODE
00003 gnnm/

37

€[]

30
T
o D252t
81 susroutine
5 | 1neut o008
1 | reEswt oooos
31

35

36



7
— b ey
[] SCALE K2 [
[ SR w— — e}
8
b3
H p2s21
8 | susrouTIN
o | 1weut s0001
2 | reswt 00003
9
— —
H SCALE K3 H
[ SN —— a
10
1
o o2521
8 1 sueroutie
& | 1nPur 90002
9 | resut oooos
11
— b
'] SCALE K4 ]
| S, U —
12
2 aes21
0
3 1 suemroutIne
o | neur sooo3
? | resut oooo7
13
—_— —
H SCALE K5 4
[ S — —c——
14
L4 p2s21
)
8 1 suerouTINE
5 | 1neuT 90004
? | resuLt 00009
| /
/-

PAGE 160 CONTINUED

WRITE PRINTER
BCD MODE

23
—_——l—_
s SCALE ¢ .
[ S, —— — )
24
: n2s21
a
8 1 sBRoUTINE
o | neur so0os
7 [ reEsuLT oooo3
25
— — - 35
H SCALE H H
[ S ———— p——
1
) ges21
8 | susroutINE
o | _I~euT 0006
7 | resutT oooos
27
—_— = 5
[ SCALE K []
| N, e, — o— ]

@O
8
)
n
14

:
:




K VALUE = 044390

Q9000103830 K2
Q9000203831 K3
Q9000303832 K 4
Q9000403833 K5
@S000503864 J
@9000603829 H
Q900703828 K
Q9000803827 L
Q9000900010 ZERO
Q9001000011 oNE
Q9001102521 OUTPUT SCALE
@9001202290 PRINT IND.
VO01 2+00000000+00 SET PRINT IND.

CROSS REFERENCE LISTING
PAGE BOX LABEL REFERENCES
K VALUE = 04490
160.01 04491 3.31%  10.03x

421



HASA-GSFC MISSTON AND TRAJECTORY ANALYSIS DIVI

K VALUE = 04300

10 .28 e .
o e | - oy
. BEGIN 00001 N
e an ) v el

7 01841

4

. SUBROUTINE
o INPUT 00200
1 § RESWLT 00000

SR T

3

8
r pooze = 70011 ]
9
00377 = (OD378 +
©0381))
/J
04877

12
™ s o ]
13
[ oooes = 7ozes |
14
[ 00023 = 70377 |
15
' ooos = mo3et 1
16
[ oooie = 7oze2 |
17
[ ooo17 = 70363 |
is
| oooeo = 7u3en ]
19
00384 =
TU3ECATOIE0
20
00384 =
DO3844703
21
00384 =
DO025 /00384

422

PAGE 181

CAP OMEGA+DELTA
CAP OMEGA

§
ooo17 =
00041 7+80005

A+DELTA A

00020 =
000204+80000

E+DELTA E
I

00021 =
00021 +80001

T+DELTA 1

5
00023 = .
00023+80002

04871
BEGIN 00371

|
L.y

37

000en =
00020400020




04379

. 22

»o

-

02196

SUBROUTINE
INPUT 00384
RESULT 00384

LO/EQ

PAGE 161 COLTINUED

24

DELTA A2
J
00418 =
80000 /00142

DELTA E/2

00419 =
an03t /oan42

DELTA 1/2

)
06420 =
80002 /0042

00418 =
00418 +00020

00419 =
041940021

42 =
00423+000273

423

r
32
06061 =
GO0 10020
39
onne2 =
00021 4010021
40
00063 =
HO062+00062
41
onnes =
0062 +00063
42
00065 =
00491UNI62
a3
K066 =
00044 +0006.4
a4
a0us? =
0O42+00062
45
onoTL =
a1 -006s2
a6
3 12136
4
. SUBROUT INE
9 INPUT 00671
1 | RESWLT GoaTz

L/



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

K VALUE = 04500

~

00073 =
00071400072

onnre =
00073000

aqoars =
00049200071

aoaTT =
0005100071

a0ara =
00041 0073

onar9 =
00071400071

00079 =
ana41 /00079

fuX 1)

~N U

02105

SUBROUTINE
INPUT 00023
RESUWL.T 00081

q_/
20
00089 =
00045400088
21
00089 =
00089 /00087
22
00090 =
00038-00086
23
00111 =
24
00112 =
00111430031
25
a0142 =
0011200079
26
00113 =
a0112x30112
27
GO113 =
00053400113
28
00114 =
0aG3 700028
29
09115 =
an060x30060

424

pate 162

/]
39
00117 =
0011700118
40
00118 =
00038200029
41
00119 =
00061400026
42
00119 =
00119400074
43
00118 =
00118/00119
) 44
00119 =
0003500112
45
00120 =
a0082x0119
46
00091 =
00045500090
47
aag91 =
40ag91 -00a44
48
o092 =
0004410083




o
00082 =
00081490081
11
" 00083 =
00081400081
12
00084 =
00033400083
13
no0as =
nOO41 00083
14
00036 =
00043400083
15
00036 =
NONa6-Nana1
16
D7 =
THI045430033
17
oo087 =
00037 -0G41
18
oo0as =
aonsason0as
19
a00as =
a00a3a /0037

30
00115 =
00115200071
31
00115 =
00115400074
32
00114 =
0011400115
33
G115 =
6362450112
34
116 =
6114 400112
35
090116 =
033400116
36
o117 =
0003400027
3r
00118 =
OOG2600071
38
06118 =
0011800025
|/
/

425

PAGE 162 CONT!

INUED

’.
&9
00091 =
00091 +00092
S0
00091 =
00091400115
S1
00082 =
001 16400090
52
00091 =
00091 -000
53
o092 =
00035300118
54
00093 =
0004300090
55
00093 =
00093~00042
56
oon9z =
00092400093
57
00093 =
00039200118
L/
Ve




NASA-GSFC MISSION AND TRAJECTORY AMALYSIS DIVI

K VALUE = 04500

-/
T
1
00094 =
00090+00030
2
00094-00085
3
00093 =
00093400034
4
00094 =
00054400083
5
00094 =
00094 /00087
[
00094 =
0004300054
7
00094 =
00094 +00089
8
00098 =
00118400094
9
000996 =
00066400095
10
angev =
00032400093

4
Ve
20
00103 =
00103200044
21
00068 =
00042+00064
22
00068 =
00063400083
23
9 =
00045300062
24
00069 =
00069+00042
25
00069 =
00069400088
26
00070 =
000663200083
27
a0g =
00070400089
28
00069 =
00069-00070

426

PAGE 183

/]
39
00131 =
00071 /00021
40
00132 =
000304001 31
41
00133 =
00131400119
42
00134 =
00025 /000614
43
2 t2196
. SUBROUTINE
a INPUT 00134
1 | RESULT 00134
44
00161 =
0013500084
45
00162 =
00151400083
46
00161 =
00161-00162
a7
09161 =
00161+00043
42



11
a0098 =
00095+0009
12
00098-00118
13
00098 =
0009800040
14
00099 =
00043400085
15
00100 =
on0s6+000a6
16
00101 =
0004200087
17
9 02196
4
. SUBROUTINE
0 INPUT 00085
1 RESULT 00102
18
00102 =
00102«00120
i9
amal =
0101 19400085

s
8
2

SUBROUT INE
1NeuT 00023
RESULT 00121

-

ooize =
001214001

00123 =
00021 400081

00124 =
00123400081

00125 =
0012300121

00126 =
0012400121

00127 =
00121430071

00128 =
00127 /00021

00129 =
00021300121

38

0130 =
60123100123

L/

427

PAGE 183 CONTINUED

001682 =
00062400114

00161 =
00161 400182

00162 =
00137000

5%

og162 =
oa162+00138

32

00162 =

62+

(0076

53

0162 =
00084162

54

00163 =
001 4000072

55

00164 =
00139400071

06163 =
00163+00164

00163 =
00151-00163

/-

L/




NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVl

X VALUE = 04300

/] .
1
00163 =
00083400163
2
00164 =
V0054200072
3
00164 =
00164-00141
8
00164 =
00164+000
5
00164 =
00164 +00163
6
00163 =
00164+00162
7
00164 =
01164300113
8
00164 =
001164 +00161
9
Nno163 =
00112400036
10
00164 =
00164+00163

/o
20
00162 =
00162-00075
21
00162 =
001623001 14
22
00162 =
00162400032
23
00163 =
00071200146
24
00164 =
00072x00145
25
00163 =
00163+00164
26
00163 =
00163+00144
27
00163 =
00084200163
28
00164 =
0014300072
29
00164 =
00139-00164

428

PAGE 184

"4
/)
39
00163 =
0011200087
40
00162 =
00162+00163
41
s-2
I
001862 =
00162400134
42
00163 =
00045400071
43
00164 =
0013600072
44
00163 =
00163+00164
45
00163 =
00163+00135
46
00163 =
00163400083
47
00164 =
00150400072

O,



11
00164 =
00164400072
12
S-1
'
00161 =
00164200134
13
00162 =
00149200071
14
00162 =
00144-001682
15
omez2 =
001 62x00084
16
00163 =
00077-00148
17
00163 =
00083400163
18
00162 =
O 83+001
19
00162 =
00162400147
L/
Vs

30
64 =
00164-00077
3
00164 =
000834001
32
00163 =
00163+00164
33
00164 =
00142400072
34
o163 =
00163+00164
35
00163 =
00163-00135
36
00163 =
00163+00076
37
00163 =
00163400113
338
on162 =
00162+00163
L/
Y

429

PAGE 164 CONTINUED;

. -
00164 = F
00164+000735
49
00163 =
00183+000435
%0
00163 =
00164~-00183
S1
00463 =
00163400113
-4
00164 =
0004700083
53
00164 =
00043-00164
54
00165 =
00043200071
55
00165 =
00045-00165
56
00164 =
0016400165
57
00164 =
00164400114
/
Van




NASA~GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

X VALUE = 04500

/1
1
00164 =
0016400032
2
a0163 =
00163+00164
3
00163 =
0016300081
4
00163 =
00163400044
5
00164 =
00112400082
6
163 =
00163-00164
7
5~3
J
001163 =
00163400134
8
00335 =
0012000062
9
00335 =
00335400089
10

©

v

20
00173 =
0017300073
21
o174 =
0004500069
22
OM7Ts =
001 53400063
23
00174 =
00174-00175
24
a0174 =
00174+00067
25
00174 =
001 7400036
26
00174 =
00174x00112
27
00175 =
00043400068
28
00175 =
a0a69-0017%
29.
G0175 =
on175+00067

430

PAGE 165

/7

39

on476 =
OO177+00176

40

O0176 =

0092400176 .

00175 =
oM T6-00175

00176 =
00121 200021

43

e =
00176-450126

44

ao17e =
00117410176

00175 =
00175+00176

Q0176 =
O0130400098

00177 =
009130 /06122

00177 =
00063-00177




a53%5 =
00335500045

11

W335 =
OO335:000134

12

. 00171 =
GO073::00091

172 =
0044 00065

a2 =
NON92xdI172

nve =
00117+00172

o722 =
017200128

On72 =
001724600672

13

aare =
nauss5-00172

19

Q

30
99175 =
00175200116
31
00174 =
GO175-00G174
32
G174 =
000360174
33
G175 =
111 24050096
34
175 =
0017500121
35
00176 =
O0152+06665
36
176 =
O0129:4060176
37
TN7T =
1012300126
38
ao17r =
GOGEe01TT

431
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©

49
TR A
0017730043
50
an177 =
01 7TAO0097
51
TE =
HO176-00177
52
00176 =
00176400129
53
aG17? =
G004 56094
51
00177 =
G011 7700044
55
0177 =
GO17700115
56
G178 =
G011 6HUWI94
57
GO177 =
01 7R-50177



NASA-GSFC MISSION AND TRAJECTORY ANALYSIS DIVI

X VALUE = 04500

,__/

00177 =
00021 20077

oM7TT =
O TTHEN123

T

00178 =
00122400096

20
00182 =
00055-00182
21
00183 =
00123/00127
22
00183 =
00055-00183

0om79 =
0006600092

00178 =
00178+00179

00178 =
OO173+00117

00178 =
00173410125

A2

)
60423 =
0041800418

00179 =
000982010122

00179 =
001 79+00097

10

00179 =
00179400062

F2

I
0424 =
00419%00419

B1

J
00425 =
00041 -00424

432

27

PAGE 166

335

00433 =
00026 /00423

00434 =
00433200432

c2

J
00434 =
0043430031

0435 =
004342430434

a0

3

I
00435 =
0043500053

00436 =
00037x00028

42

00437 =
004252004238




11
05179 =
(0179405125
12
9179 =
a0055~00179
13
01311 =
QT2 THI
14
no18g =
001800071
15
0181 =
D062
16
181 =
00181 +00117
17
0181 =
018100127
18
00192 =
000930127
19
wise =
0518200062

o

e

a

SUBROUT INE
INPUT 005425
RESULT 00426

83

I
00427 =
K1426:35425

31

I
006429 =
G49:00425

B6

I
430 =
504003425

BY

I
00431 =
00051 2400425

01432 =
00425470425

L/

433

PAGE 166 CONTINUED

a3
[ 00437 =
| 9043700423 1
44
43T =
GU43700423
45
ca
I
NN43e =
10436 /00437
46
— e —
] D1 )
e e e
av
9 02105
o]
. SUBROUTINE
3 INPUT (3420
7 § RESULT 00437
d 48
p2
I
5433 =
43740437
49
D3
I
00439 =
0043700437
50
D4
65440 =
1439400439
51
0441 =
Q304500439
-



CROSS REFERENCE LISTING

PAGE BOX LABEL REFERENCES
K VALUE = 04500
161.01 4501 10.28% 66.26%
161.10 04873
161.12 04800 161,11
161.36 ga3r1 161.23
168.03 04872 166.23
168,05 04879 161,11 168.02
168.14 04713 168.23
168.20 4853
168.36 04836 168.34
169,40 04837 168.41
1/3.09 14656 173.01
173.17 04657 173,01

434



NASASSIFC MISSION AND TRAJECTORY ANALYSIS DIVI

T K VALUE £ 04500
Q7000001100
Q7000104947
aro0n202196
Q7000302101
Q7000402105
a7000502216
Q7000602166
Q7000703830
Q7000803831
7000903832
@7001103833

Qroot002271
|7038001101

Q7036101113
ar036201115
Q7036301117
Q7036601102
aro3TTO1116
Q7040003844
aeoonpaoz7e
e8000100277
@sD0D200278
@s000300279
46000400280
Q8000500281
29050000085
@9050104439
@900D100218
Q9000200219
29000300220
@90004n0213
Q9000500215
@ou0Ds00217
Q9000701841
@0001803840
20001903866
anno2403843
QNON2503889
anon5203868
a0020503842
20020603843
VOOO30+50000000+00
VOG31 +15000000+01
VOD032+33333333+00
VODO33+66666667+00
V00034 +25000000+00
VOOD35 +1666666.7 +00
V00036 +683333333-01
vaoe37+93750000+00
V00038 +46875000+00

T(O) , EPOCH TIME IN C.U.T.
ANGLE-GUAD: DET.
SQUARE ROOT
SINE

QUSINE

KEPLER

ARC COSINE

K2

K3

K 4

K5

PRINCIPAL VALUE
A, SEMI-MAJOR AXIS AT Ti®

M, MEAN ANOMALY AT T{O)

ARG. OF PERIGEE AT T(D)

RT. ASC. OF NODE AT T(D)
ECCENTRICITY AT T{D)

1, INCLINATION AT T(D)

K SUB C (CRITICAL INCLINATION)
DELTA A (COMP. PERT.)

DELTA E (COMP. PERT.)

DELTA I (COMP. PERT.)

DELTA M (QOMP. PERT.)

DELTA ARG. OF PERIGEE (COMP.PERT.)
DELTA RT. AS. OF NODE (COMP.PERT.)
COMPLEMENTARY PERTURBATIONS IND.
DELTA M (ORAG)

A, SEMI-MAJOR/ AXIS AT REQUEST TIME
E, ECCENTRICITY AT REQUEST TIME

1, INCLINATION AT REQUEST TIME

M; MEAN ANOMALY AT REQUEST TIME
ARG. OF PERIGEE AT REGUEST TIME
RT. AS. OF NODE AT REQUEST